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EASA eRules: aviation rules for the 21st century

Rules and regulations are the core of the European Union civil aviatiomsy$tee aim of th&EASA
eRulesproject is to make thenaccessiblen an efficient and reliable way to stakeholders.

EASA eRulewsill be a comprehensive, single system for the drafting, sharing and storing of rules. It
will be the single source for all aviah safety rules applicable to European airspace users. It will pffer
easy (online) access to all rules and regulations as well as new and innovative applications|such as
rulemaking process automation, stakeholder consultation, cresrencing, and compaon with
L/'h YR GKANR O2dzyiNASaQ adl yRI NRa®

To achieve these ambitious objectives, (BASA eRulgzoject is structured in temodules to covel
all aviation rules and innovative functionalities.

TheEASA eRulesystem is developed and implementeccinse cooperation with Member States apd
aviation industry to ensure that all its capabilities are relevant and effective.

PublishedNovember 2018

! The publshed date represents the date when the consolidated version of the document was generated.
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DISCLAIMER

This version is issued by the European Aviatiafet$ Agency (EASA) in order to provide its
stakeholders with an updated and ea®yread publication. It has been prepared by putting together
all applicable certification specifications (CHpwever, this is not an official publication and EASA
acceptso liability for damage of any kind resulting from the risks inherent in the use of this document.
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NOTE FROM THE EDITOR

CS paragraph titlesre colourcoded and can be identified according to the illustration beldive
EASA Executive Director (ED) denishrough whichthe paragraph was introduced or last amended
is indicated below the paragraph title(s)italics

Certification specification

ED decision

The format of this document has been adjusted to makes#rfriendly and for reference purposes.
Any commentshouldbe nt to erules@easa.europa.eu
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: Easy Access Rules for European Technical Stanc Incorporated amendmen
x E AS A Orders (CETSO) (Amendment 3)

INCORPORATED AMENDNIEN

CYEDDECISIONS
ED Decision 2003/10/RM CSETSO/ Initiaksue 24/10/2003
ED Decision 2006/004/R CSETSO/ Amendment 1 18/7/2006
ED Decision 2007/017/R CSETSO/ Amendmeiat 25/12/2007
ED Decision@8/012/R CSETSO/ Amendmet 18/11/2008

Note: To access the officiarsions pleaseclick onthe hypetlinks provided above.
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PREAMBLE

ED Decision 2008/012/R

Amendment 3

Thefollowing is dist of paragaphs affected by this amendment:

SubpartA Amended(NPA 200714)

INDEXL

ETS@C44b Replaced by ETSO44dNPA 200714)
ETS@C45a Replaced by ETSO45b NPA 200714)
ETS@C47 Replacedby ETS@47aPA 200714)
ETSAC56a Replaced by ETSO56b NPA 200714)
ETSGC78 Deleed NPA 200710)

ETS@CL00b Newly introduced{PA 200710)
ETS@C121 Replaced biETSGC1214NPA 200714)
ETS@C132 Newly introducedPA 200710)
ETS@C142a Newly introduced NPA 200714)
ETSE@C161 Newly introduced NPA 200714)
ET®-C166a Newly introduced NPA 200714)
ETSA73 Newly introduced NPA 200714)
ETSAL74 Newly introduced NPA 200714)
ETSA@L75 Newly introduced NPA 200714)
INDEX

ETSEC78 Newly introduced NPA 200710)
ETS&C512 Newly introduced NPA 200710)
ETS&C513 Newly introduced NPA 200710)
ETS@C514 Newly introduced NPA 200710)

Amendment 2

Thefollowing is a list of paragphs affected by this amendment:

ED Decision 2007/017/R

INDEX 1

ETS@C151a Replaced by ETSTQ51b(NPA 142005
INDEX

ETS&C509 Newly introducedNPA 142005

Amendment 1

Thefollowing is a lisbf paragaphs affected by this amendment:

SubpartBList of ETSOs Amended

INDEX 1

ETSAC13f Newly introduced
INDEX

ETS@&C70a Newly introduced

ED Decision 2006/004/R
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ETS@C112 Replaced bETS@C11»
ETSG2C502 Newly introduced
ETS@C5@ Newly introduced
ETS@ 04 Newly introduced
ETS@C505 Newly introduced
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SUBPARA ¢ GENERAL

ED Decision 2008/012/R

1. APPLICABILITY

1.1 Requirements for the issue of European Technical Standard Order (ETSO) Authorisations
are found in Part 21 Section A Subpart O.

1.2. Marking requirements for the issue of European Technical Standard Order Authorisations
are found in Part 21 Section A Subpart Q.

2. ENVIRONMENTAL AND SOFTWARE STANDARDS TO MEET TECHNICAL CONDITIONS
2.1 Environmental standards:

Unless otherwise stated in the pagraph 3.1.2 of the specific ETSO, the applicable
environmental standards are contained in EUROCAE/RTCA docum&daDHDO160D,
A9 YBANRYYSyYyuUlt /[/2yRAGAZ2YEA YR ¢Sad t NPOSR
dated December 2002.

2.2 Software standards

If the equipment design implementation includes a digital computer, the computer
software must be verified and validated in an acceptable manner.

Unless stated otherwise in paragraph 3.1.3 of the specific ETSO, one acceptable means

of compliance for the veiigation and validation of the computer software is outlined in
EUROCAE/RTCA document-12BDOMTY . = a{ 2Fd gt NBE O2yaAiRSNI
{eadtsSya yR 9ldA LISyl /SNIAFAOIGA2yas RIFGS
For those applicants who elect to use EUROCAE/RTCA docEiéaB/D0O178B to
demonstrate compliance for the verification and validation of the computer software,

the following requirements must be met:

()  This document defines five levels of software:

Level A, Level B, Level C, Level D, and Level E. The applisadeclare the level
(or levels) to which the computer software has been verified and validated.

@iy If the equipment incorporates more than one software level, appropriate
partitioning of different software level is required.

3. ADDITIONAL INFORMANO
3.1 Insome ETSO's, reference is made to an associated FAA standard and in these cases the
Cct! | a0FryYyRFNR A& FGdGlF OKSR (2 GKS 9¢{hod 2 KSNI
Ada YIRS (2 aci1é¢ 2F aCl!wés Al SKAEZ Ra10FS ¢ O
2NJ at F NIk/ {£d

3.2 The following addresses are provided below:

- EUROCAE documents may be purchased from:

European Organisation for Civil Aviation Equipment
102 rue Etienne Dolat 92240 Malakoff France
Telephone: +33 1 40 92 79;30AX +33 46 55 62 65
(web site:www.eurocae.org

- RTCA documents may be purchased from:
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Radio Technical Commission for Aeronautics, Inc.
1828 L Street NW, Suite 8@%ashington DC 20038SA

(web site:www.rtca.org

- SAE documents may be purchased from:

- Society of Automotive Engineers, Inc.
400 Commonwealth DriveWARRENDALE, PA 15094 ¢ USA

(web site:www.sae.org
- NAS specifications may be obtaineo:

- Aerospace Industries Association (AlA)
1327 Jones DrivAnn ArborMI 48105USA
(web site:www.techstreet.con

- FAA Standards may be purchased from:

Superintendent of Documents, Government Printing Office
732\ Capitol Street NWWashington DC 20481SA
(web site:www.gpoaccess.gov

- MIL Specifications may be obtained from:

DODSSP, Standardization Documents Order Desk
Building 4D, 700 Robbins AverwieHILADELPHIA, PA185094¢ USA
(web site:http://dodssp.daps. mil)

- ASTM documents may be purchased from:

American Society for Testing and Materials, ASTM International,
100 Barr Harbor Drive, PO Box C700, West Conskehp Pennsylvania 19428
2959, USA.

(web site:www.astm.org
[Amdt ETSO/3]
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SUBPARB(CLISTOFETSO

ED Decision 2006/004/R
This Subpart contains two Indexes:
1 INDEX 1
1.1 Index 1 lists all those ETSOs which are teeliy similar to FAASOs.

1.2 When an article has been approved by the Agencyto a ETSO listed in Index 1 the article
is to be permanently marked with the appropriate ETSO number. Also, all documentation
associated with Certification and Release forafiation on an aeroplane must record
GKA& 9¢{h ydzYoSN¥» ¢KS WwW9Q {e&Yoz2f &AAIYAFAS
relevant ETSO by the Agency.

1.3 Itshould be noted that some FAFSO numbers have not been listed in Index 1 because
they have not ben published by the Agency and cannot therefore be certified or
identified by a ETSO number.

1.4 Index 1 will be updated from time to time, to reflect the latest edition of a ETSO, for
example ETSO1b to ETSO1c. However, this does not mean that pregiceditions
cannot still be used; it merely means that for new applications it would be the general
rule to certificate to the latest edition. Exceptions to this rule would be subject to
negotiation with the Agency.

1.5 The ETSO numbering system is explhias follows:
- ETS@C5e means: European T-SlOmber and revision letter, and so
- ETS@EC95 with no revision letter means initial issue.
NOTE: Copies of ETSOs are listed in Index 1.

2 INDEX 2

2.1 Index 2 lists all those ETSOs which are not technically stomf&&ATSOs; examples are:
(@) Deviations from an FARSO; or
(b) When an FAA'SO does not exist for a particular application.

2.2 Index 2 ETSOs will be numbered as follows:
ETSECA41d, in which the 2 denotes that it is from Index 2.
NOTE: Copies of ET@@s listed in Index 2.

2.3 Index2 will be updated from time to time, to reflect the latest edition oh 8TSO, for
exampleETSEC11b to ETSQCL1c. However, this does not mean that previous editions
cannot still beused; it merely means that for new apgations it would be the general
rule to certificate tothe latest edition. Exceptions to this rule would be subject to
negotiation with the Agency.

[Amdt ETSO/1]
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INDEXL HUROPEANECHNICABTANDARKDRDERS

ETSAC1c

ED Decision 2003/10/RM (applicable fram10.2003)
Cargo Compartment Fire Detection Instruments
1 Applicability

This ETSO gives the requirements which cargo compartment fire detection instruments that are
manufactured on or after the date of this ETSO must meet in order to be identified vath th
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standardssef 2 NI K Ay GKS {19 ! SNRaAL} OS {dF yRI N

A L oA = 4

CANB 5SiGSOGA2Y LyaidNHMzrSyGaaz RIGSR ! LINAf
3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Refeenced Document

See C&ETSGubpart Aparagraph 3.
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ETS@AC2d

ED Decision 2003/10/RM (applicable from 24.10.2003)
Airspeed Instruments
1 Applicability

This ETSO gives the requirements which new models of airsppsedments that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubgart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

{dFyRFNRa aSié F2NIK Ay GKS {19 1 SNRalL.
LyadNHzySydaaz RIFEGSR al NOK onX Moy mod

3.1.2 Environmental Standard

See CETSGsubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC3d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Turn and Slip Istruments
1 Applicability

This ETSO gives the requirements which new models of turn and slip instruments that are

manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
{ G yﬁel- NR & ’ asi VTZIN{JVK Ay ’GAKS ~{ ! 9d SipSNB &L}
LyadNHzySyidaas RIGSR {SLWISYOSNI moptp @
3.1.2 Environmental Standard
See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC4c

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Bank and Pitch Instruments
1 Applicability

This ETSO gives the requirements which bank and pitch instruments that are manufactured on
or after the date of this ETSO must @teén order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Rerformance Standard

Standards set forth in the SAE Aerospace Standard (AS) documentpAS. >~ a . I Yy
FYR t AGOK LyadN¥zySyitaa>x RIFGSR wdA & mp3XI ™
ETSO:

()  Conformance with the following paragraphs of2&6B is not requed: 3.1;
3.1.2; 3.2; 4.3.5.

(i)  Substitute the following for paragraph 7. of-ASpc . Y at SNF2NXI y
The following tests in addition to any other deemed necessary by the
manufacturer, shall be the basis for determining compliance with the
performarOS NBIlj dZANBYSy ia 2F (GKAA& &0l yYRI NR(

3.1.2 Environmental Standard
As specified in SAE document:-F96B.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.

In addition the following information shall be legibly and permanently marked on the
equipment: Nominal power input rating (electrical voltage and frequency, vacuum or air
pressure).

4.2 Specific

None.
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5 Availability of Referenced Document
See G&ETSGubpart Aparagraph 3.
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ETSAC5e

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Direction Instrument, Noamagnetic (Gyroscopically Stabilized)
1 Applicability

This ETSO gives the requirements Whew models of direction instruments, nanagnetic
(gyroscopically stabilized) that are manufactured on or after the date of this ETSO must meet in
order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures ametailed in CETSCSubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace Standard (AS) document: AS 8021
a5ANBOGA 2 Wonay AYNEUFNDY 6 DENRAO2LIA Ot & {4
1981.

3.1.2 Environmental Standard

See CEETSGbubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC6d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Direction Instrument, Magnetic (Gyroscopically Stabilized)
1 Applicability

This ETSO gives the requirements which new models of direction instrameragnetic
(gyroscopically stabilized) that are manufactured on or after the date of this ETSO must meet in
order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in the SAE Aerospace Standard (AS) documeB@l3\S
a5ANBOGA2Y LYyaidNHzySyiasz ad3yBIiid OR o WanNE a ¢
3.1.2 Environmental Standard
See C&ETSGubpart Aparagraph 2.1
3.1.3 Computer Software
See CETSGubpart Aparagraph 2.2

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ET®-C7d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Direction Instrument, Magnetic Norstabilized Type (Magneti€ompass)
1 Applicability

This ETSO gives the requirements which new models of direction instruments, magnetic non
stabilized type (magriee compass) that are manufactured on or after the date of this ETSO
must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsulpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in the SAE Aerospace Standard (AS) document: AS 398A
a5ANBOGAZY Lya i P{]H‘z\t-’ﬁg;@[’t A IvaS,I-FVEI yt@i].)é() om2 Ay SiA
Juy 15Mmcppy oaNBFFFANYSR hOG26SN mpyna oOAF
supplemented by this ETSO:

()  Conformance withthe following paragraphs of AS 398A is not required: 3.1;
3.1.1; 3.1.2; 3.2.

(i)  Substitute the following for paragraph 7 of AS 398A:

at S NF & hebts: tfie following tests in addition to any others deemed
necessary by the manufacturers, shall be the basis for determining
O2YLIX Al yOS gAGK (GKS LISNF2NY¥YIyOS NBI dzi

3.1.2 Environmental Standard
The environmental conditions artést procedures in SAE AS 398A are to be used.

3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General

Marking is detailed in GSTSCGsubpart A
4.2 Specific

None.

5 Avalilability of Referenced Docuent
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See GETSGubpart Aparagraph 3.
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ETSAC8d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Vertical Velocity Instrument (Ratef-Climb)
1 Applicability

This ETSO gives the requirements which new modelemical velocity instruments that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Stanqlards,. set forth in the SAE Aerospace Standard (AS) document: AS 8016
axSNIAOIE +Sf20608AYF&d NINS WEBEA BMWNER Sh O ?
3.1.2 Environmental Standard
See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software
See CGETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking
4.1 Gereral

Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC9c

1 Applicability

ED Deision 2003/10/RMapplicable from 24.10.2003)

Automatic Pilots

This ETSO gives the requirements which new models of vertical velocity instruments that are
manufactured on or after the date of this ETSO must meet in order to be identifiddtha
applicable ETSO marking.

2 Procedures

2.1 General

Applicable procedures are detailed inEBSCsubpart A

2.2 Specific

None.

3 Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard
Standards et forth in the SAE Aerospace Standard (AS) document: AS 402A
al! dzi2YlF GAO tAf2Gaa2X RIGSR CSoNXzZ NBE MI wMc
ETSO.

1)

)

Exceptions

()  Conformance with the following paragraph of SAE AS 402A is not
required: 3.1, 3.1.1, 3.1,3.2.

(i)  Substitute the following for section 7 of SAE AS 402A:

Gt SNF2NXIyOS GSaitay ¢KS F2ft2¢Ay3a (Sa
necessary by the manufacturer, shall be the basis for determining
compliance with the performance requirements A & adl YRl NR® £

Additions

In addition to the means of indication specified in paragraph 4.3 of SAE AS
402A, the following shall be included:

()  Power malfunction indication. Means shall be provided to indicate
readily to the pilot in a positive mannavhen each phase of the
primary power (voltage and/or current) to the automatic pilot is not
adequate for safe operation.

(i)  Airborne navigation reference indication. A visual means shall be
provided to indicate readily to the pilot in a positive manndrem the
automatic pilot is not engaged to the airborne navigation reference.

3.1.2 Environmental Standard
As indicated in SAE AS 402A.

3.1.3 Computer Software

None
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3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.
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ETSAC10b

ED Decision 2003/10/R@pplicable from 24.10.2003)
Aircraft Altimeter, Pressure Actuated, Sensitive Type
1 Applicability
This ETSO gives the requirements which altimeters pressure actuated that are manufactured on

or after the date of this ETSO must meet in order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace &esh (AS) document: AS 392C,

a! t GAYSGSNE t NSaadNSE ! Oldza 6SR {SyaradAigs
the following exceptions, and as amended and supplemented by this ETSO:

Exceptions

()  The following specifically numbered paragraphs in AS 3@2tudconcern
minimum performance and therefore are not essential to compliance with
this paragraph: 3.1, 3.1.1, 3.1.2, 3.2, 3.2(a)(b)(c)(d)(e)().

(i)  Inlieu of Section 7. in AS 392C, it is a requirement that the altimeters
covered by this section be pable of successfully passing the test in
paragraphs 7.1 through 7.5 and an External Case Pressure Test which is as
follows:

External Case Pressure Test The static pressure source of the instrument
shall be sealed when an ambient temperature of 25°C andchmabient
pressure of 29.92 inches (absolute) of mercury have been achieved. The
ambient pressure shall then be increased at a rate of 20 inches of mercury
in two seconds to 50 inches (absolute) of mercury and held at that pressure
for three minutes. Thershall be no adverse effect on the instrument or its
accuracy.

i) ¢KS awSFSNByOS {SOlA2yda dzyRSNJ ¢l 6fS L
3.1.2 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
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Marking is detailed in GSTSOSubpart AParagraph 1.2. In addition, the maximum
altitude for which altimeter is qualified to operate shall be legibly and permanently
marked.

4.2 Specific
None.
5 Availability of Referenced Document

See GETSGubpart Aparagraph 3.
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ETSGC13f

ED Decision 2006/004/R (applicable from 18.7.2006)
Life Preservers
1 Applicability

This ETSO gives the requirements which life preservers that are manufactured on or after the
date of this ETSO, rsumeet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in thappendix 1o this ETSO.
3.1.2 EnvironmentaStandard

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
As given irAppendix 1
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.

Federal Test Method Standards Nol2Omay be obtained (or purchased) from the General
Service Administration, Business Service Center, Region 3, 7th and D Streets, S.W., Washington
DC 20407.

[Amdt ETSO/1]
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APPENDIX TOETSGECL3FC
MINIMUM PERFORMANGCE ANDARD FORFEPRESERVERS

ED Decisn 2006/004/R

1.  Purpose This standard provides the minimum performance standards for life preservers.

2. Scope This standard covers inflatable (Type 1) and-mfiatable (Type I1) life preservei@oth
Type | and Type Il life preservers aredividédan G KS F2ff2¢gAy3 F2dzNJ OF G S
| KAfRZé a/ KXTtYRIE V (KR RDYTFI yi

3. Materials The materials used must be of a quality which experience and/or tests have
demonstrated to be suitable for use in life preservers.

3.1 Nonmetallic Materials.

3.1.1 The finished device must be clean and free from any defects that might affect its
function.

3.1.2 Coated fabrics and other items, such as webbing, subject to deterioration must
have been manufactured not more than 18 months prior to thesdatt delivery of
the finished product or requalified per paragraph 5.1 Material Tests of this
standard.

3.1.3 The materials must not support fungal growth.

3.1.4 Coated fabrics, including seams, subject to deterioration used in the manufacture
of the devies must retain at least 90 percent of their original physical properties
after these fabrics have been subjected to accelerated ageing test specified in
paragraph 5.1 Material Tests of this standard.

3.1.4.1 StrengthCoated fabrics used for these appticaais must conform
to the following minimum strengths after ageing:

Tensile Strength (Grab Test)

Warp 37 N/mm (210 pounds/inch)

Fill 32 N/mm (180 pounds/inch)

Tear Strength

1.8 x 1.8 N/mm (10 x 10 pounds/inch) (Tongue Test) or
1.8 x 1.4 N/mm (10 x 8 pousdinch) (Trapezoid Test)

3.1.4.2 Adhesion.In addition to the requirements of 3.1.4.1, coated fabrics
must meet the following minimum strength after ageing:

Coat Adhesion
1.8 N/mm width at 21 + 3°C at a separation rate of 50 to 65 mm/minute

(10 pounds/nch width at 70 £5 degrees F at a separationrateof 2.0t0 25
inches/minute).

3.1.4.3PermeabilityFor coated fabrics used in the manufacture of inflation
chambers, the maximum permeability to helium may not exceed 5
liters/square meter in 24 hours &5°C (77 degrees F) or its equivalent
using hydrogen. The permeameter must be calibrated for the gas
used. In lieu of this permeability test, an alternate test may be used
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provided the alternate test has been approved as an equivalent to this
permeability test by the Agency

3.1.5 SeamStrength and Adhesive€emented or heat sealable seams used in the
manufacture of the device must meet the following minimum strength
requirements.

3.1.5.1 Cemented Sean&eams using adhesive on coated fabrics must be
seded with tape having a minimurwidth of 30 mm (1 3/16 inches).
Devices manufactured with cemented seams must meet the following
minimum strength requirements:

Seam Shear Strength (Grab Test)

30.6 N/mm width at 24°C (175 pounds/inch width at 75 degrees F)
7.0 N/mm width at 60°C (40 pounds/inch width at 140 degrees F)
Peel Strength (Peel Test)

1.8 N/mm width at 21°C (10 pounds/inch width at 70 degrees F)

3.1.5.2Heat Sealed %ens.The application of tape ovédreat sealed seams
is optional.Devices manufacted with heat sealed seams used in the
manufacture of the device must meet the following minimum
strength requirements:

Seam Strength (Grab Test)
7.9 N/mm width at 21°C (45 pounds/inch width at 70 degrees F)
5.3 N/mm width at 60°C (30 pounds/inch width st degrees F)

3.1.6 Seam Tape. Iftape is used, the fabric used for the seam tape must have a
minimum breaking strength (Grab Tgsbf not less than 8.8 N/mm
(50pounds/inch) width in botlthe warp and fill directionsVhen applied to
the seam area, thedhesion strength characteristics must meet the seam
strength requirements in paragraph 3.1.5.

3.1.7 Materials Other Than Coated Fabrics.

3.1.7.1 Webbing.Webbing used to attach the life preserver to the wearer
must have a minimum tensile strength of 1083230 pounds).

3.1.7.2 Thread.Thread used in the life preserver must be Size E nylon or
equivalent with a minimum tensile strength of 38 N (8.5 pounds).

3.1.8 Flammability. The device (including packaging) must be constructed of
materials which are ina@npliance with C85.853(a) [Appendix F, Part |
@)(@)v)1.

3.19 Molded Nonmetallic Fittingsviolded nonmetallic fittings must retain their
physical characteristics when subjected to temperatureg®f to +71°C
(-60 to +160 degrees F).

3.2 Metallic Pats. All metallic parts must be made of corrosion resistant material or
must be suitably protected against corrosion.

4, Detail Requirements.

4.1 Design and Construction.
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4.1.1 Reversibility. The life preserver must perform its intended function wherrsedg
unless the design of the preserver precludes the probability of improper donning.

4.1.2 Compartmentation, Type | Life Preserver. Aninflatable life preserver may have one
or more separate gas tight flotation chambers. Each separate flotation chamber
must meet the inflation requirements of paragraph 4.1.4.

4.1.3 Protection Against Abrasion an@hafing, Type | Life Preservdhe flotation
chambers must be protected in such a manner that metallic or nonmetallic parts
do not cause chafing or abrasiontbe material in either the packed or inflated
condition.

4.1.4 Inflation, Type | Life Preserver.

4.1.4.1 Oral InflationA means must be provided by which the weatrer,
excluding child and infargmall child wearers who would require
adult assistance, withut previous instruction, may inflate each
flotation chamber by blowing into a mouthpiece. The mouthpiece for
oral inflation must be readily available to the wearer without
AYGSNFSNRAY3I gAGK GKS gshhaldBidNgad Fr OS
child life peservers, the oral inflation means must be readily available
to assisting persons.

4.1.4.2 OralInflation Valv&he opening pressure of the oral inflation valve,
with no back pressure appliei the valve, may not exceedkBl/m?
(0.44 pounds per squatiach gage (psig)). The oralinflation valve may
not leak when back presse throughout the range from § 69 kN/n?
(0 psig through 10 psig) is applied. The joint between the oral inflation
valve and the flotationchamber may not fail when a 44% (100
pound) tensile load is applied for at least 3 seconds outwardly from
and perpendicular to the surface of the flotation chamber at the point
of valve attachment. To support the flotation chamber fabric during
load application, an adapter having an inside diaeneit least 19 mm
(3/4 inch) larger than the outside diameter of the valve at the point of
attachment must be used.

4.1.43 Manual Mechanical Inflatiod means must be provided by which
the wearer, or person assisting a child or infantall child wearer
who would require adult assistance, without previous instruction,
may inflate each flotation chamber of the life preserver by manual
operation.

4.1.4.3.1Gas ReservoiA reservoir containing a suitable compressed
gas must be provided to inflate eachtfition chamber of the
life preserver.If carbon dioxide (CQ cylinders are used, the
standards of MHG601G Amendment 1 dated August 31, 1972
or the equivalent are acceptable not withstanding any size or
weight limitations.

4.1.4.3.2 Pull Cord AssemblyThe mechanical inflation means must
have a pull cord assembly for each gas reservoir. The pull cords
must be identical in length, clearly visible, and extend between
38 to 76 mm (1 1/2 to 3 inches) belathe edge of the life
preserver.The end of each gcord assembly must be attached
to a red pull knob or tab having rounded edges.
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4.1.5 Defation, Type | Life PreserveA means by which the wearer or the person
assisting a child or infargmall child wearer who would require adult assistance,
may quicky deflate each flotation chamber must be provided. Use of the deflation
means may not preclude subsequentinflation of the flotation chamber by either
oral or mechanical inflation means. Inadvertent deflation of the flotation chamber
must be precluded In particular, inadvertent deflation from movement of a child
or infantsmall child and deliberate deflation by a child or small child must be
precluded.

4.1.6 Functional Temperature Range. The life preserver must be capable of satisfactory
inflation after exposure for a minimum period of five minutes to the temperature
range fromg40 to +60°C-40 to +140 degrees F).

4.1.7 Overpressure Protection. Type | Life Rresr. A flotation chamber, when orally
inflated to a operating pressure not less thanN/a? (1 psig), must not burst upon
subsequent discharge of the mechanical inflation system.

4.1.8 BuoyancyThe life preserver must provide a buoyant force not less than that shown
in Table I, Minimum Buoyant Force. The buoyant force of the life pressrequal
to the weight of the volume of fresh water displaced by the life preserver when
totally submerged. Buoyancy must be demonstrated using the standard gas
reservoirs described in 4.1.4.3.1 without further oral inflation, starting from a
vacuumed flaunit.

TABLE I, MINIMUM BUOYANT FORCE

Category of preserver Weight of wearer Minimum buoyant force in fresh
(kg / pounds) water at 21 + 3°C (70 £5 degree
(N / pounds)

Adult Above 41kg (90 pounds) 156N (35 pounds)
Adult- Child Combinatior 16kg (350ounds) and above 156N (35 pounds)
Child 16kg (35 pounds) to 41kg (90 pound 111N (25 pounds)
Infant- Small Child Under 16kg (35 pounds) 89N (20 pounds)

4.1.9 Flotation Attitude.

4.1.9.1Adult, AdultChld, and Child Life Preserveide life presever must, within
5 seconds, right the wearer, who is in the water in a fdoen attitude. The
fATS LINBASNIBSNI Ydzald LINRPGARS fFGSNIE |
such that the mouth and nose of a completely relaxed wearer is held clear
of the waterline with the trunk of the body inclined backward from the
vertical position at an angle of 30 degrees minimum.

4.1.9.2 Infarnt-Small Child Life Preserveide life preserver must prevent contact
2F GKS ¢S NBNRAa dzLILIS NI § aedvaer. GHer@ S d > F I
must be a means to confine the wearer in the proper position for utilization
of the life preserver and prevent the wearer framleasing the confining
means. With the wearer in the most adverse condition of weight and
position attainablavhen the confining means are properly used, there must
be no tendency of the life preserver to capsize or become unstable, take on
water, or allow contaciof the upper torso with waterMeans must be
provided to prevent the entrapment of rain or choppy veat
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4.1.10Tether InfantSmallChild Category Life Preservértether not less than 2.8&
(72inches) in length, must be attached to the infesmall child fie preserverThe
attach point must be located such that the flotation attitude specified irggaaph
4.1.9.2is maintained when the line is under sufficient tension to remove the slack
as whenheld by an adult in the wateWith the life preserver on the infargmall
child, there must be provisions for stowing or securing the tether in a manmr th
it remains readily accessible and will not dangle loosely so as to pose a hazard
during an emergency evacuation.

4.1.11Life Preserver Retention and Donning Characteristics. The means of retaining the
life preserver on the wearer, excluding infagrndl child wearers, must require
that the wearer secure no more than one attachment and make ncentioain one
adjustment for fit.It must be demonstrated, in accordance with the donning tests
specified in paragraph 5.9, that at least 75% of the total nundfdest subjects
and at least 60% of the test subjects in each age group specified in paragraph5.9
can don the life preserver within 25 seconds unassisted, starting with the life
preserver in its storage packagercentage calculations may not be increads
when rounded off. It must be demonstrated that an adult unassisted caninstall an
appropriate life preserver on another adult or a child within 30 sesofidalso
must be demonstrated, in accordance with the donning tests specified in
paragraph 5.9,hat 60% of the adult test subjects can install an inrfamiall child
dummy in an infarksmall child life preserver within 90 seconds.

4.1.12mmfort, Fit, and AdaptabilityThe design of the life preserver must be such that:
4.1.12.1 After donning, inadertent release by the wearer is not likely.

4.1.12.2 Adjustment may be made by the wearer, or the person assisting a child
or infant-small child wearer, while in the water.

4.1.12.3Unobstructed view by the wearer, excluding infesmball child wearerssi
allowed in both the forwardand sideward directionsAn observation
window must be provided for viewing of aninfasihall child wearer by the
assisting person if the life preserver is enclosed.

4.1.12.4Blood circulation of the wearer is not restricted
41125¢ KS ¢S NBND& OoNBFGKAY3 Aa yz2i NBad N

4.1.13Survivor Locator Light. The life preserver must be equipped with a survivor locator
light which meetshe requirements oETSEC85a The light must be aomatically
activated. This can be accomplished upon contact with water, upon inflation or by
any other means not requiring additional user action.

4.1.14l ife Preserver PackagA. package must be provided for the life preserver for
storage of the life peserver on board the aircraft. The means of opening the
package must be simple and obvious, and must be accomplished in one operation
without the use of any tool or excessive physical force.

4.1.15Color. The color of the life preserver must be an appdvnternational orange
yellow or similar high visibility color. The color of the flight crew life preservers may
be an approved redrange or similar high visibility contrasting color.

4.2 Marking. The following information and instructions must be shiown

Powered by EASA eRules Page39of 521] Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc
Orders (C&ETSO) (Amendment 3)

SUBPART @LIST OF ETS
ETSEC13

BAEASA

4.2.1 Pictorial PresentationThe proper donning procedure and other operational
instructions on the use of the life preserver must be simple, obvious, and presented
primarily pictorially with minimum use of words.

4.2.1.1 Orientation of Instructionsinstructions pertaining to operations which
would normally be accomplished after the life preserver has been donned
must be oriented so that the wearer, or the person assisting a child or an
infant-small child wearer, may read them while in the water.

4.2.12 Readability in Emergency Lighting Conditions. Size, position, and contrast
of instructions must be such that the pictorial descriptions and written
instructions are easily distinguishable and rebldan low level illumination.

The markings and instetions must be readable by a person having 20/20
vision at a minimum viewing distance of 610 mm (24 inches) with
illumination no greater han 0.54 Ix (0.05 foetandle). For written
instructions, an acceptable means of complying with this requirement is by
use of bold lettering approximately 5.6 mm (0.22 inch) high with a stroke
width of 1.2 mm (0.047 inch).

4.2.3 Date of manufacture of fabric (month and year).

4.2.4Size category:d ! Rdzf G -4 KAG IRREdz G a/ KMEWRiét
appropriate andveight limitation of each category.

INOA BRY &

4.2.5 The life preserver package must clearly indicate that it contains a life preserver, the
size category and the weight limitation of the life preserver. The package also must
be marked with the life preserver ET&@ part number or the information must
be visible through the package.

5. Tests.

5.1 Material TestsThe material properties specified in paragraph 3 of this standard must be
conducted in accordance with the following test methods or other approved elguiva
methods:

Accelerated AgeMethod 5850 Per Note (9)(1)

Tensile Strength (Grab Test) Method 5100
Tear Strength (Trapezoid Te. Method 5136

Per Note (9)(7)

Per Note (9)(5)
(Alternate to Trapezoid Test s8el.4.1)

Ply Adhesion Method 5960 Per Note (9%)

Coat Adhesion Method 5970 Per Note (9)(8)

Permeability Method 5460 Per Note (5)(6)

Seam Shear Strength Per Note (9)(2)

Seam Peel Strength Method 5960 Per Note (9)(3)

Flammability CS25, Appendix F, Pdib)(5),

Horizontal Burn Rate Per Note (4)
NOTES:

(1) Samples of coated fabric and seams for the accelerated ageing tests must be
exposed to a temperature of 70 £ 3°C (158 + 5 degrgdsrmot less than 168
hours. After exposure, the samples must be allowed to cool to 21 + 1°C (70 + 2
degreesF) for neither less than 16 hours nor more than 96 hours before
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5.2

5.3

54

5.5

determining their physical properties in accordance with paragraph 3.1 of this
standard.

(2) Samples must consist of two strips of material 50mm (2 inches) maximum width
by 127mm (5 inches) mximum length.Strips must be bonded or heat sealed
together along the width with an overlap of 19 mm (3/4 inch) maximum. Heat
sealed seams must have a 3.2+ 0.8 mm (1/8 £ 1/32) inch width minimum heat seal
bead with the heat seal.8 mm (1/4 inch) from &ch end.The free ends must be
placed in the testing machine described in FTMS 191A, Method 5100 and
separated at a rate of 305 + 13 mm/minute @®.5 inches/minute)The average
value of two samples must be reported. Samples may be multilayered toesnsur
against premature material failure. Samples may be gripped across the full 50 mm
(two inches) of width.

(3) Separation rate must be 50 to 65 mm/mieu(2.0 to 2.5 inches/minutelSample
shall be 25 mm (one inch).

(4) The material must meet the flammalli requirements of &25.853(a)
[AppendixF, Part | (a)(1iv)]

(5) Federal Test Method Standard No. 191 in effect December 31, 1968.

(6) ASTM Method D14382, Procedure V, approved July 30, 1982, is an acceptable
alternate method.

(7) Use of pneumatic gps, for holding test samples, is an acceptable alternate to the
mechanical grips described in Method 5100.

(8) The sample shall be prepared using the adhesive and construction methods used
to manufacture the life preserveSeparation rate must be 50 tdo@nm/minute
(2.0 to 2.5 inches/minute).

(9) Federal Test Method Standard No. 191A dated July 20, 1978.

Leakage Test, Type | Life Preserver. The life preserver may not lose more than 3.5 kN/m
(1/2 psig) per flotation chamber after each flotation chaenthas been inflated to not
less than 13.8 kN/f(2 psig) and hung in a rack for at least 12 hours.

Overpressure Test, Type | Life Preserver. Each flotation chamber of the life preserver
must withstand an inflation pressure of not less than 69 kN(h® psig) for at least 5
minutes.

Submersion Test. The life preserver must be submerged in fresh water at 22 + 3%5C (72
degrees F) so that no part of it is less than 610 (Bsinches) below the surfac&he
buoyancy of the preserver must not be $aban the value specified in @egraph 4.1.8 of

this standardSubmersion must continue for at least 8 hours, except that the test may be
discontinued in less than 8 hours if buoyancy measurements taken at four successive 30
minute intervals show that thbuoyancy of the preserver has stabilized at a value at least
equal to the value specified in paragraph 4.1.8 of this standard.

Salt Spray Test.

5.5.1 Salt Spray Test Procea@u All metal parts must be placed in an atomized salt
solution spray for a pgod of not less than 100 hourdhe solution must be
atomized in the chamber at a rate of 10 litres per cubic metre of chamber volume
(3 quarts per 10 cubic feet of chamberlwmme) per each 24hour period. The
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5.6

temperature in the chamber must be maintainat 35 + 1°C (95 + 2 degrees F)
throughout the test.

5.5.2 Salt Spray Solutiohe salt used must be sodium chloride or equivalent containing

not more than 0.2 percent of impurities on the dry weight basis. The spray solution
must be prepared by dissahg 20 + 2 parts by weight of salt in 80 + 2 parts by
weight of water containing not more than @(parts per million of solidg.he spray
solution must be kept from exceeding this lewélsolids throughout the tesiThe
spray solution must be maintained atspecific gravity of from 1.126to 1.157 and

a pH between 6.5 and 7.2 when measured at 35 + 1°€ 23fegrees F).

Inflator Test, Type | Life Preserver.
5.6.1 Operaing Force.The force necessary to operate the mechanical inflation means

may not exeed 67 N (15 pounds) when applied through the pull cord.

5.6.2 Pull Cord Strengthlhe pull cord may not fail or separate from the mechanical

inflation means when a minimum tension load of 267 N (60 pounds) is applied to
the cord for at least 3 secondd.the pull cord is designed to separate from the
mechanical inflation means when operated, the pull cord shall be capable of
withstanding a minimum tension load of 133 N (8flnds) for 3 seconds without
failure.

5.6.3 Proof PressureThe mechanical inflath means must withstand a hydrostatic

pressure of not less than 10.3 MN#if1,500 psig) whout deformation or leakage.
The mechanical inflation means may not leaken subjected to 13.8 kN/tn
(2psig) air pressure and may not lose more than 3.4 kN/m2 @d§d) when
subjected to 2B kN/n? (40 psig) air pressur&ach test pressure must be applied
for not less than 30 seconds.

5.6.4 Mechanical Inflation Valve. The mechanical inflation valve must allow a minimum

flow of 4 liters of air per minute at 276 kid? (40 psig) inlet pressuré.he valve
may not leak when subjected to a vacuum of 3 kR(&2 inches of water) applied

S0 as to reduce the seating spring pressure and with atmospperssure on the
opposite side.The joint between the valve and the flatan chamber may not fail
when a 1112 N (25pound) load is applied, for at least 3 seconds, outwardly from
and perpendicular to the surface of the flotation chambettlzd point of valve
attachment.To secure the joint during application of the load, alapter having

an inside diameter at least 19 mm (3/4 inch) larger than the outside diameter of
the valve at the point of attachment must be used.

5.7 Jump Test.

5.7.1 Adult, AdultChild or ChildAn inflated adult, adutchild, or child Type | or Type I

life preserver, excluding infargmall child life preservers, must remain attached
and not cause injury to the wearer when the wearer jumps into the water at any
attitude from a height above the wat of at least 1.5 m (5 feet].here must not

be any damagéo the preserver following the jumpMinor skin chafing is not
considered an injury in this respect.

5.7.2 Infant-Small ChildAn infantsmall child life preserver must remain inflated and

undamaged and the infargmall child dummy, specified in paragrapB.1, must
remain properly secured when an adult holding the dummy, with the preserver
installed on the dummy, jumps into the water from a height above the water of at
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least 1.5 m (5 feet). The adult must be wearing an inflated life preserver for the
ted.

5.8 Fire Protection TesMaterials used in the life preserver and the storage package for the
life preserver must be tested by the horizontal burn rate test prescribed in paragraph 5.1
of this standard.

5.9 Donning Test.

5.9.1 Test SubjectsThere mustbe a minimum of 25 test subject3 here must be a

minimum of five test subjects in ehof the following age groupg0-29 years; 30

39 years; 4819 years50-59 years; and 669 yearsNot more than 60% of the test
subjects in any age group mag of thesame sexThe number of test subjects in
any age group may not exceed 30% of tb&al number of test subjectdnfant-
small child donning tests must be performed by a minimum of 5 adult test subjects
of both sexes between the ages of 2. Tests must beperformed using an
articulating infantsmall dild dummy, as described belowdult test subjects must
have no prior experience in donning tests of life preservers.

5.9.2 Infant-Small Child Test Dumnifhe dummy to be used in the donning tests must

have he basic physical characteristics for a composite 50th percentile unisex child
of 24 months with a height of 864 mm (34 has) and weighing 12.3 kg
(27.2pounds). The dummy shall have articulating joints and, if used for water
testing, must not absorb wat. The anthropometric values for the dummy are
presented in Table II. These data are considered valid for the stated chronological
age plus or minus three months and are representative of U.S. children, as reported
by the University of Michigan from 197985.

TABLE Il, ANTHROPOMETRIC CHARACTERISTICS OF TWO YEAR OLD CHILD

Body Segment Length (mm (in)) | Weight (gm)
Top ofHead (ref.}

Top of Shoulder/

Upper Arm Pivot 191 (7.5)* 1,591.6 12.9
Elbow Pivot 152 (6.0) 876.0 (2) 7.1
WristPivot- 127 6.0) 530.5(2) 4.3
Finger Tip 89 3.5) 123.5(2) 1.0
Top of Shoulder/

Upper Arm Pivot

Crotch/ Thigh Pivot 330 (13.0)* 5,564.4 45.1
Knee Pivot 140 (5.5)* 579.9 (2) 4.7
Bottom of Foot 203 8.0)* 481.1 (2) 3.9
Total *864 (34.0)Height 12,338.0(27.21b) 100.0
Shoulder Breadth 234 (9.2)

Chest Breadth 168 6.6)

Chest Depth 117 (4.6)

Waist Breadth 150 (5.9)

Waist Depth, seated 150 (5.9)

Hip Breadth 185 (7.3)

Foot 132 (5.2)
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ETSE13

Circumferences T
Head 488 (19.2) LA o
Neck 234 (92) | 368 l (7.5)
Chest 488 (19.2) I (14.5)
Waist 460 (18.1) L
Hip 470 (18.5) 55
Mid-Thigh 251 (9.9) (15?;) 6.0 130
Calf 196 (7.7) 89 (13.0)

(3.5) 864
Ankle 135(5.3) (34.0)
UpperArm 150 (5.9)
Forearm 147 (5.8) -
Wrist 1306.1) -

J 203
(8.0)
—
.

5.9.3 Test Arrangement. Subjects must be seated in actual or sisulilt carrier coach
class seating with a seat row in front of the subjects creating a seat row pitch not
exceeding 31 inches. Each subject must have thelselt fastened Subjects may
be tested singularly or in groups seated side by side. Irdardll dild life
preserver donning tests must be performed with adults in adjacent seats who must
not assist or hamper the adult performing the donning test. Subjects must receive
no donning information other than a typical preflight briefing and donning
demonstiation on the use of life preservers.

5.9.4 Test Procedurelhe donning test must be begun with the life preserver contained
in the storage package required by paragraph 4.1.14, and the package held in the
G§Sal adzoneS0iQa KIyYyR® pHreach tbdt sulfectiTamihg v 3
starts on signal when the test subject has both hands on the packaged life
preserver and stops when the life preserver is properly donned, secured, and
adjusted for fit. During the test, the test subject may release the sehitdmel rise
from the seat but may not move to any extent from the area immediately in front
of the seat.

[AMdtETSO/1]
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ETSAC14b

ED Decision 2003/10/R@pplicable from 24.10.2003)
Aircraft Fabric, Intermediate Grade
1 Applicability
This ETSO gives the vag@ments which new models of aircraft fabric, intermediate grade that

is manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

{dFyRIFNRa aSi F2NIK Ay GKS {19 1 SNraL} OS
Airplane Cotton MerceriZ/e cpft 6 o6Hdpnbov . NBSF1Ay3 {(iNBy3
as amended and supplemented by this ETSO:

Exceptions:

() 5StSGS FNBY LINFINFLK v 2F {!9 la{ oy
2F ! SNRPALI) OS al GSNRAFE {LISOAFAOIGAZ2Y O

(i)  Compliance with paragraphs 4.2.2.1, 5.2.4, and 8.3 of SAEAMS 3804c is not
required.

Additions:

(0 Paragraph 1.1 of SAEAMS 3804c shall read as follows: Form: This
specification covers one strength and one weave of mercerized cotton cloth
1Yy26Yy |4 ob®NILRBEEISOE2aGBYIGKSGIAO FI 6NA
polyester in the greige condition, also may be identified and used as
al ANLX FyS Oft20Ka AF GKS FILONRO Aa
as cotton cloth.

(i)  Paragraph 1.2 of SAEAMS 3804dIslead as follows: Application. Aircratft
with wing loading less than 9 pounds per square foot (psf) and rexezed
speeds 160 miles per hour (mph). Primarily for the external covering of
aircraft surfaces, such as wings, fuselage, ailerons, elevatdrsthar airfoil
surfaces.

K2

QX

(i) Replace the word cotton with cotton cloth in paragraph 3.1.1 of SAE AMS
3804c.

(iv) Paragraph3.1.2 of SAEAMS 3804c shall read as follows: Yarn: The cloth shall
be woven from Zply combed cotton yarn or synthetic continuofi;ment
yarn.
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v)

(Vi)

(vii)

(viii)
3.2 Specific
None.
4 Marking

4.1 General

Paragraph 3.1.4 of SAEAMS 3804c shall read as follows: Finishing: The cloth
shall be uniformly finished in accordance with the best practice for high
grade airplane cloth. Finishing of cotton cloth shall consist of washing,
framing and alendaring. The calendaring shall be sufficient to lay any nap
present and shall provide a smooth even surface. Nap may be removed by
singeing. Synthetic cloth shall remain unfinished (greige).

In addition to the requirements of paragraphs 3.2.1, 3.2nd 3.2.5 of
SAEAMS 3804c, include the following after each title: (cotton cloth only).

The first sentence of paragraphs 3.3 of SAEAMS 3804c, shall read as follows:
Quality: The cotton fibers and synthetic filament shall be evenly spun into
yarns d proper and uniform yarn count, twist and diameter to produce the
texture and weight required.

In addition to the requirements of paragraphs 4.6.1, 4.6.2 and 5.2.2 of
SAEAMS 3804c, replace reference to AMS 3804c with-ETH0D

Requirements for marking are specified in paragraph 5.1 of SAE AMS 3804c.

4.2 Specific

None.

5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC15d

1 Applicability

ED Decision 2@0L0/RM (applicable from 24.10.2003)

Aircraft Fabric, Grade A

This ETSO gives the requirements which new models of aircraft fabric, grade A that is
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures

2.1 General

Applicable procedures are detailed inEBSCsubpart A

2.2 Specific

None.

3 Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard
Standards set fott in the SAE Aerospace Material Specification (AMS) 3806d

a/ 20K ANLXIYyS /20G2y aSNOSNATI SR ynto o
1980] as amended and supplemented by this ETSO:

Exceptions:

(i)

Delete from paragraph 2 of SAE AMS 3806d the fallgha Y a G KS € I (S a
2F | SNRALI OS al GSNRAFE {LISOATAOLGARZY o

(i)  Compliance with paragraphs4.2.2.1, 5.2.4, and 8.3 of SAEAMS 3806d is not
required.

Additions:

(0 Paragraph 1.1 of SAEAMS 3806d shall read as follows: Form: This
specifiation covers one strength and one weave of mercerized cotton cloth
1Y26Yy d ol ANLX FYyS Of20Kad | 26SHSNE &
polyester in the greige condition, also may be identified and used as
al ANLX I yS Of 2 G Kda& have cediakh Squitalerd pidpdtiest & a K2
as cotton cloth.

(i)  Paragraph 1.2 of SAEAMS 3806d shall read as follows: Application. Aircraft
with wing loading less than 9 pounds per square foot (psf) and rexezed
speeds 160 miles per hour (mph) or greaterntrily for the external
covering of aircraft surfaces, such as wings, fuselage, ailerons, elevators and
other airfoil surfaces.

(i) Replace the word cotton with cotton cloth in paragraph 3.1.1 of SAE AMS
3806d.

(iv) Paragraph3.1.2 of SAEAMS 3806d shall as follows: Yarn: The cloth shall

be woven from Zply combed cotton yarn or synthetic continuous filament
yarn.
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v)

(Vi)

(vii)

(viii)

3.2 Specific
None.
4 Marking
4.1 General

Paragraph 3.1.4 of SAEAMS 3806d shall read as follows: Finishing: The cloth
shall be uniformly finished in accordance with the bestagpice for high

grade airplane cloth. Finishing of cotton cloth shall consist of washing,
framing and calendaring. The calendaring shall be sufficient to lay any nap
present and shall provide a smooth even surface. Nap may be removed by
singeing. Syntheticloth shall remain unfinished (greige).

In addition to the requirements of paragraphs 3.2.1, 3.2.2 and 3.2.6 of
SAEAMS 3806d, include the following after each title: (cotton cloth only).

The first sentence of paragraphs 3.3 of SAEAMS 3806H0rashédlas follows:

Quality: The cotton fibers and synthetic filament shall be evenly spun into
yarns of proper and uniform yarn count, twist and diameter to produce the
texture and weight required.

In addition to the requirements of paragraph 4.6416.2, 5.1 and 5.2.2 of
SAEAMS 3806d, replace reference to AMS 3806d with-ETSD

Requirements for marking are specified in paragraph 5.1 of SAE AMS 3806][d].

4.2 Specific

None.

5 Availability of Referenced Doauent

See CGETSGsubpart Aparagraph 3.
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ETSAC16

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airspeed Tubes (Electrically Heated)
1 Applicability

This ETSO gives the requirements which airspeed tubestrieldly heated) that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set fpr'gh in the SAE Aerqspa(:‘evS,tandarg (AS) documept: A’\SA 393
o! ANBLISSR ¢dzoSa o0Sf SOUNAOIffée KSFUSRUOUGZ
3.1.2 EnvironmentalStandard
As indicated in SAE 393 document.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referemced Document

See CETSGubpart Aparagraph 3.
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ETSAC20

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Combustion Heaters
1 Applicability

This ETSO gives the requirements which combustion heaters thateamefactured on or after
the date of this ETSO, must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society of Automotive Engineers, Inc., (SAE) Aerospace
{dF yRFNR ! { Mo . al 91 ¢9w{>X !Lwt[!Db9Z
9-/1 ! bD9w ¢, t9da5z 948 F6videS Rnusvy 1048 NBE MMZI ™

3.1.2 Environmental Standard
As indicated in AS 143B.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC21b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Aircraft Turnbuckle Assemblies and/or Turnbuckle Safetying Desic
1 Applicability

This ETSO gives the requirements which new models of aircraft turnbuckle assemblies and/or
turnbuckle safetying devices that are manufactured on or after the date of this ETSO must meet
in order to be identified with the applicable ET®@rking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in Sectionsa®d 4 of Military Specifications MI-5685A,
dated April 6, 1950 with the additional tests, when applicable, listed below and as
amended and supplemented by this ETSO:

Tests The following tests, when applicable, are required in addition to those set
forth in MIL-T-5685A, and shall be conducted to substantiate the strength and
reliability of special turnbuckle assemblies and/or safetying devices. A minimum of
six samples each shall be used in conducting the tests for torsion, tension, fatigue
(tensile), andatigue (torsion).

()  Torsion. At least one sample of each size turnbuckle assembly and safetying
device shall be tested in torsion to determine that the torque necessary to
overcome the turnbuckle thread friction and break the safetying device is
equalto or greater than that required when the conventional safety wire is
used in accordance with the safetying procedure recommended in Civil
Aeronautics Manual 4b.322.

(i)  Tension. At least one sample of each size turnbuckle and safetying device
assemblyshall be tested to determine that the turbuckle assembly (including
safetying device) will not fail at any tensile load under the maximum
(ultimate) tensile strength for which the comparable standard MIL or NAS
turnbuckle is rated. For this test, the sammhall consist of the turnbuckle
assembly (including safetying device) with a two (2) foot length of cable
appropriately attached to each terminal (end) of the turnbuckle. In making
the determination, the sample shall be tested for tensile strength in
acordance with Federal Test Method Std. N° 151.3. If the sample does not
fail under the specified maximum load, it need not be tested further to
destruction.

(i)  Vibration. At least one sample of each of 3 representative sizes of turnbuckle
assemblies, i.ethe smallest, the largest, and an intermediate size, shall be
vibrated to determine that the lock wire, or other safetying device which
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(iv)

V)

(Vi)

3.2 Specific
None
4 Marking

4.1 General

relies upon spring action or clamping to safety the turnbuckle, can be
depended upon not to jump out of place or otfvéise lose its safetying
properties, under vibratory conditions apt to be encountered in aircratt
service. Itis suggested that a cable tension load equal to 25 percent of rated
ultimate cable strength and a frequency of 3600 cpm with an overall
amplitudeof 1/8 inch (parallel to the axis of the hole through the barrel) for
25 hours, be used for this determination.

Fatigue (Tensile). At least one sample of each size turnbuckle assembly shall
be given a repeated load test, in which a load equal to 218 wltimate
tensile strength requirement is applied repeatedly in tension for 300
applications of the load without failure of any component part. For this test,
the sample shall consist of the turnbuckle assembly (including safetying
device) with a two (2Joot length of cable appropriately attached to each
terminal (end) of the turnbuckle.

Fatigue (Bending). The safety wire used in the conventional lock wire
safetying procedure recommended in CAM 4b.-249 not considered to be
re-usable. If the safgt device used with the special aircraft turnbuckle
assembly is to be considered-usable, at least three (3) samples of the
shortest formed norstandard safety wire (or other finished safetying
device) shall be tested by alternate fastening and unfastggnirthe wire (or
other safetying device), to determine that the device will not break after
repeated applications of the bending loads involved. 200 on and off cycles,
simulating rough treatment apt to be experienced during maintenance
should substantiata reasonable service life. It is felt that the shortest safety
wire (or other safetying device) will be subjected to the greatest bending
stresses. However, if the stresses may be greater in a longer wire (or other
safetying device) intended for a largsize turnbuckle, the larger size
turnbuckle and the longer wire (or other safetying device) shall be used for
this test.

Fatigue (Torsion). At least one sample of each size turnbuckle assembly
and/or safetying device shall be given a repeated load itesvhich a load
equal to 2/3 the torque (determined in test No 1 above) required to
overcome the turnbuckle thread friction and break the conventional safety
wire (CAM 4b.322) is applied in torsion first in one direction and then
reversed for 3000 conipte cycles of reversal without failure of any
component part.

Marking is detailed in GSTSCsubpart Aparagraph 1.2.

4.2 Specific
None.

5 Avalilability of Referenced Docuent

See G&ETSGubpart Aparagraph 3.
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ETS@EC22g

1 Applicability

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Safety Belts

This ETSO gives the requirements that safety belts which are manufactured ¢terohatate
of this ETSO, must meet in order to be identified with the applicable ETSO marking.

2 Procedures

2.1 General

Applicable procedures are detailed inrEBSCubpart A

2.2 Specific
None.
3 Technical Coditions

3.1 General

3.1.1 Minimum Performance Standard

Standards set forth in Society of Automotive Engineers, Inc. (SAE) Aerospace

{GFYRFENR o0!'{0 520dz¥Syié b2o !'{ ynno=Z
1986, with the exceptions and revisions coveiedsubparagraphs 3.1.1.(3) and
3.1.1.(4) of this ETSO. Through these exceptions and additions, this ETSO only uses

those paragraphs of SAE AS 8043 applicable to the pelvic restraint (seat belt)

portion of the torso restraint system.

(1) Exceptions.

@i

(ii)

(i)

(iv)

Wherever SAE AS 8043 refers to torso restraint system(s) or pelvic
restraint it shall be considered to be applicable to sadatit restraint
system(s).

The information contained in Sections 1., 2.1, 2.3, and 2.9 of SAE AS
8043 is not relevant to safetpelt restraint systems and shall be
disregarded.

Compliance with Sections 3.2, 3.2.2, 3.8, 5.9, 6.1, 6.1.2, 8.9, 9.3 and
9.4 of SAE AS 8043 is not required.

Disregard references to breaking strength of upper torso restraint
webbing and attachmnt hardware specified in Sections 4.2, 4.4, and
5.3 of SAE AS 8043 respectively.

(2)  Additions.

@

(ii)

The definition in Section 2.2 of SAE AS 8043 shall read as follows:
Safety Belt Restraint System: Consists of any webbing or similar device
including all ckles or other fasteners, and all integral hardware
designed to restrain movement of the pelvis, commonly referredto as
a lap belt or safety belt.

The requirements of Section 3.2.1 of SAE AS 8043 shall read as follows:
Safety Belt Restraint Systemk safety belt restraint system shall
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4

5

Marking

@)

(4)

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific

None.

(i)

provide pelvic restraint and shall not incorporate emergency locking
retractors (inertia reels).

Section 9.1 of SAE AS 8043 is revised and shall read as follows:
Installation: All components of three seat belt nesnt systems shall

be tested using a rigid test block, as shown in Figures 2 and 3, or a
modified test block incorporating only the first 6 inches of the test
block shown in Figure 3, or the equivalent, using the procedures in
paragraph 9.2, as appropt& Install the seat belt restraint system on

the test block, as shown in Figure 2 and adjust to a length of -1220
1270 mm (480 inches), or as near as possible. An automatic locking
retractor should be locked at the start of the test with a force on the
webbing just sufficient to keep the retractor locked.

Environmental Standards. SAE AS 8043 incorporates as reference the
following environmental standards, for which a more recent version of these
standards may be substituted, if approved by the Agency.

@)

(ii)
(i)

American Society for Testing Materials (ASTM) -&R3Standard
Practice for Operating Liglixposure Apparatus (Carbémc Type)
With and Without Water for Exposure of Nonmetallic Materials.

ASTM B11-73, Standard Method of Salt Spray (Fog) Tigsti

ASTM D758, Standard Practice for Determination of Weight and
Shape Changes of Plastics Under Accelerated Service Conditions.

Test Methods. SAE AS 8043 incorporates as a reference the following test
standards, for which a more recent vensiof these standards may be
substituted, if approved by the Agency.

0)

(ii)
(i)
(iv)

American Association of Textile Chemist and Colorists (AATCC)
Standard Test Method-8981, Colorfastness to Crocking.

AATCC Standard Test Method 4i®B1, Colorfastness to Water.
Federal Test Method Standard 191, Method 5906.
AATCC Chart for Measuring Transference of Color.

Availability of Referenced Document

1. See GETSCbubpart Aparagraph 3.
2. Copies of AATCC1881 and 1071981 may be purchased from the American Association of

Textile Chemists and Colorists, PO Box 12215, Researchld@ iRank, NC 27709, USA.

3. Copies of Federal Test Method Standard 191 Method 5906 may be purchased from the

Commanding Officer, Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120, USA.
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ETSAC23d

ED Decision 2003/10/Rfpplicablérom 24.10.2003)
Personnel Parachute Assemblies
1 Applicability

This ETSO gives the requirements which personnel parachutes assemblies that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO manmg.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society Afitomotive Engineers, Inc., (SAE) Aerospace
{dFYRENR 06! {0 520dz¥Sydy !{ ynmp. atl NI
t SNAE2YyYySftaX RIUSR WdzH & 173X MdbphHP

3.1.2 Environmental Standard None.

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GBTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC25a

4

ED Decision D3/10/RM (applicable from 24.10.2003)

Aircraft Seats and Berths (Type | Transport 6g Forward Load)

Applicability

This ETSO gives the requirements which seats, used in transport category aircraft for which an
application for type certificate was made prim March 5, 1952, that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

Procedures

2.1 General

Applicable procedures are detailed inEBSCsubpart A

2.2 Specific

None.

Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in National Aircraft Standard Specification 806, revised January
1, 1956, as amended and supplemented by this ETSO:

Exceptions

()

(ii)

(i)

(iv)

The ultimate loads corresponding to the aircraft reduced weight gust load
FILOG2NI 2NJ GKS FANLIIYS RSairA3aySNRa
ultimate down loads for Type | seats specified in subparagraph 4.1.2 of NAS
806. For the purpose of this order, order to provide for such loading
conditions, the ultimate down loads specified in table 1 of 4.1.2 for Type |
seats shall be 1,000 pounds (69g) instead of 765 pounds.

To insure that pilot and copilot seats will provide for the rearwards loads
resulting from the application of pilot forces to the flight controls, such seats
shall withstand a rearward load of 450 pounds. The load shall be applied 8
inches above the intersection of the seat back with the seat bottom.

The weight of the seat or berth A YSa GKS | LILINBLINRIF G S

added to the design ultimate load specified in subdivision (i) and in
subparagraph 4.1.2 of NAS 806.

a

C2NJ (KS LJzN1LIR2aS 2F (KAaAa 2NRSNE noooO

structure is capable of supportingitivout failure for at least 3 seconds the

dzA GAYFGS f2FRa AaLISOAFASR Ay (GKA&a 2NRS

3.1.2 Environmental Standard None.

3.1.3 Computer Software

None
3.2 Specific
None.
Marking
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4.1 General

Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific

None.

5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC26¢C

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Aircraft Wheels and WheeBrake Assemblies
(CS23,-27 and-29 aircraft)

1 Applicability

This ETSO gives the requirements which aircraft wheels and treed assemblies for &3,

CS27 and C&9 aircraft that are manufactured on or after the date of tRBIESO must meetin
order to be identified with applicable ETSO marking. The requirements which transport
aeroplane wheels and whebtake assemblies (€5 aircraft) must meet are contained in
ETSEC135

2 Procedure
2.1 General
Applicable procedures are detailed iInEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in thappendix 1o this ETSO.

Where applicable, instead of the referenced FAA documents/paragraph the
corresponding Part, CS or ETSO document/paragraph shall be used, when

available.
3.2 Specific
None.
4 Marking

4.1 General

Marking is detailed t€SETSCsubpart Aparagraph 1.2. In addition, the wheels must be
legibly and permanently marked with the size of the wheel.

4.2 Specific
None.
5 Availability of Referenced Document
See GETSCubpart Aparagraph 3.
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APPENDIN TOETSEC26 ¢ FEDERAAVIATIONADMINISTRATIOSTANDARD
FORAIRCRAFWHEELS ANWHEEBRAKEASSEMBLIES DATNAY 18,1984

1. Purpose.

ED Decision 2003/10/RM

This document contains minimum perfoance standards for aircraft landing wheels and
wheelbrake assemblies.

2.  Design and Construction.

(@) Design.

1)

)

©)

(4)

(®)

Lubricant retainers. Lubricant retainers must retain the lubricant under all
operating conditions, prevent the lubricant from reaching braksurfaces, and
prevent foreign matter from entering the bearings.

Removable flanges. All removable flanges must be assembled onto the wheel in a
manner that will prevent the removable flange and retaining device from leaving
the wheel if a tire shodl deflate while the wheel is rolling.

Adjustment. When necessary to assure safe performance, the brake mechanism
must be equipped with suitable adjustment devices.

Water seal. Wheels intended for use on amphibious aircraft must be sealed to
prevententrance of water into the wheel bearings or other portions of the wheel
or brake, unless the design is such that brake action and service life will not be
impaired by the presence of sea water or fresh water.

Explosion prevention. Unless determined be unnecessary, means must be
provided to minimize the probability of wheel and tire explosions which result from
elevated brake temperatures.

(b) Construction.

1)

)

©)

(4)

()

Castings. Castings must be of high quality, clean, sound and free from blowholes,
porosity, or surface defects caused by inclusions, except that loose sand or
entrapped gases may be allowed when the serviceability of the casting has not
been impaired.

Forgings. Forgings must be of uniform condition and free from blisters, fins, folds,
seans, laps, cracks, segregation, and other defects. If strength and serviceability
are not impaired, imperfections may be removed.

Rim surfaces. For wheels designed for use with atire and inner tube combination,
the surface of the rim between bead seamsist be free from defects which would
be injurious to the inner tube while mounting the tire or while in service.

Rim joints. For wheels designed for use with a tire and inner tube combination,
joints in the rim surface and joints between rim surfaaesl demountable flanges
must be smooth, close fitting, and noninjurious to the inner tube while mounting
the tire or while in service.

Rivets and bolts. When rivets are used, they must be well beaded over, and rivets
and bolts coming in contact with éhcasing or tube must be smooth enough not to
damage the tube or casing during normal operation.
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(6) Bolts and studs. When bolts and studs are used for fastening together sections of
a wheel, the length of the threads for the nut extending into and beaaigginst
the sections must be held to a minimum and there must be sufficient unthreaded
bearing area to carry the required load.

(7) Steel parts. All steel parts, except braking surfaces and those parts fabricated from
corrosion resistant steel must be cenium plated or zinc plated or have equivalent
protection from corrosion.

(8) Aluminium parts. All aluminium alloy parts must be anodized or have equivalent
protection from corrosion. This protection must include protection for fuse plug
holes, valve sterholes, and other passages.

(9) Magnesium parts. All magnesium alloy parts must receive a suitable dichromate
treatment or have equivalent protection from corrosion. This protection must
include protection for fuse plug holes, valve stem holes, and othesgiges.

(10) Bearing and braking surfaces. The bearing and braking surfaces must be protected
during the application of finish to the wheels and brakes.

(11) Fatigue. The construction of the wheel must take into account techniques used to
improve fatigue esistance of critical areas of the wheels.

3. Rating.
(@) Each wheel design must be rated for the following:

(1) S =Maximum static load in pounds (ref. FAR 88 23.731(b), 27.731(b), and 29.731(b)
of Title 14 Chapter 1).

(2) L =Maximum limit load in poundsef. FAR 88 23.731(c), 27.731(c), and 29.731(c)
of Title 14 Chapter 1).

(b) Each wheebrake assembly design must be rated for the following:

(1) KBk.= Kinetic energy capacity in foppbunds per wheebrake assembly at the
design landing rate of absoriph.

4.  Qualification Tests

The aircraft wheels and whebtake assemblies required by the TSO must be tested as follows

YR GKS GSad RIGlE AyOfdRSR Ay (GKS | LILX AOF yi Q2

4.1 Wheel tests. To establish the S and L ratings farhael, test a standard sample in
accordance with the following radial, combined, and static load tests:

(@) Maximum radial load test. Test the wheel for yield and ultimate loads as follows:

(1) Test method. Mount the wheel with a suitable tire of propeiistalled, on
its axle, and position it against a flat nondeflecting surface. The wheel axle
must have the same angular orientation to the nondeflecting surface that it
will have to the runway when it is mounted on the aircraft and is under the
maximum imit load. Inflate the tire to the pressure recommended for the S
load with air or water. If water inflation is used, water must be bled off to
obtain the same tire deflection that would result if air inflation were used.
Water pressure may not exceed tlpeessure which would develop if air
inflation were used and the tire deflected to its maximum extent. Load the
wheel through its axle perpendicular to the flat nondeflecting surface.
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(b)

()

@)

(4)

Deflection readings must be taken at suitable points to indicate deflacti
and permanent set of the wheel rim at the bead seat.

Yield load. Apply to the wheel a load not less than 1.15 times the maximum
radial limit load, determined under FAR 88 23.471 through 23.511, or FAR
88 27.471 through 27.505, or FAR 88 29.471 thiho29.511 of Title 14
Chapter 1, as appropriate. Apply the load with the wheel positioned against
the nondeflecting surface, and the valve hole positioned at 90 degrees with
respect to the line between the center of the wheel and the point of contact,
then with the valve hole positioned at 180 degrees, 270 degrees, and 0
degrees from the nondeflecting surface. The 90 degree increments must be
altered to other positions if the other positions are more critical. Three
successive loadings at the 0 degree positmay not cause permanent set
increments of increasing magnitude. The permanent set increment caused
by the last loading at the 0 degree position may not exceed 5 percent of the
deflection caused by that loading or 0.005 inches, whichever is greater. The
bearing cups, cones, and rollers used in operation must be used for these
loadings. There must be no yielding of the wheel such as would result in
loose bearing cups, air, or water leakage through the wheel or past the
wheel seal, or interference in anyitical areas.

Ultimate load. Apply to the wheel a load not less than 2 times the maximum
radial limit load for castings and 1.5 times the maximum radial limit load for
forgings, determined under FAR 88 23.471 through 23.511, or FAR 88 27.471
through 27.505 or FAR 88 29.471 through 29.511 of Title 14 Chapter 1, as
appropriate. Apply the load with the same wheel positioned against the
nondeflecting surface and the valve hole positioned at 0 degrees with
respect to the line between the center of the wheeld the point of contact.

The wheel must be able to support the load without failure for at least 3
seconds. The bearing cones may be replaced with conical bushings, but the
cups used in operation must be used for this loading. If, at a point of loading
during the test, it is shown that the tire will not successfully maintain
pressure or if bottoming of the tire on the nondeflecting surface occurs, the
tire pressure may be increased to no more than 2 times the rated inflation
pressure. If bottoming of theire continues to occur with this increased
pressure, a loading block which fits between the rim flanges and simulates
the load transfer of the inflated tire may be used. The arc of wheel supported
by the loading block must be no greater than 60 degrees.

If the radial limit load in paragraph 4.1(b) is equal to or greater than the
maximum radial limit in paragraphs 4.1(a)(2) and (3), the test specified in
paragraph 4.1(a)(2) and (3) may be omitted.

Combined radial and side load test. Test the wheetlie yield and ultimate loads
as follows:

1)

Test method. Mount the wheel, with a suitable tire of proper fit installed, on
its axle, and position it against a flat nondeflecting surface. The wheel axle
must have the same angular orientation to the nefidcting surface that it

will have to the runway when it is mounted on the aircraft and is under the
combined radial and side load. Inflate the tire to the pressure recommended
for the maximum static load with air or water. If water inflation is used, the
water must be bled off to obtain the same tire deflection that would result
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)

@)

if air inflation were used. Water pressure may not exceed the pressure which
would develop if air inflation were used and the tire deflected to its
maximum extent. For the radilad component, load the wheel through its
axle perpendicular to the flat nondeflecting surface. For the side load
component, load the wheel through its axle parallel to the flat nondeflecting
surface. The side load reaction must arise from the frictiametftire or the
loading block on the nondeflecting surface. Apply the two loads
simultaneously, increasing them either continuously or in increments no
larger than 10 percent of the loads to be applied. Alternatively, a resultant
load equivalent to the rdial and side loads may be applied to the axle.
Deflection readings must be taken at suitable points to indicate deflection
and permanent set of the wheel rim at the bead seat.

Yield load. Apply to the wheel radial and side loads not less than 1.&5 tim
the respective ground loads determined under FAR 88 23.485, 23.497, and
23.499, or FAR 88 27.485 and 27.497, or FAR 88 29.485 and 29.497 of Title
14 Chapter 1, as appropriate. Apply these loads with the wheels positioned
against the nondeflecting surfacand the valve hole positioned at 90
degrees with respect to the line between the center of the wheel and the
point of contact, then with valve hole positioned at 180 degrees, 270
degrees, and O degrees from the nondeflecting surface. The 90 degree
increments must be altered to other positions if the other positions are more
critical. Three successive loadings at the O degree positions may not cause
permanent set increments of increasing magnitude. The permanent set
increment caused by the last loading @ie O degree position may not
exceed 5 percent of the deflection caused by that loading, or 0.005 inches,
whichever is greater. The bearing cups, cones, and rollers used in operation
must be used in this test. There must be no yielding of the wheel such as
would result in loose bearing cups, air or water leakage through the wheel
or past the wheel seal, or interference in any critical areas. A tire and tube
may be used when testing a tubeless wheel only when it has been
demonstrated that pressure will bedbdue to the inability of a tire bead to
remain properly positioned under the load. The wheel must be tested for
the most critical inboard and outboard side loads.

Ultimate loads. Apply tothe wheel radial and side load not less than 2 times
for casthgs and 1.5 times for forgings the respective ground loads
determined under FAR 8§ 23.485, 23.497, and 23.499, or FAR §8 27.485 and
27.497, or FAR 88 29.485 and 29.497 of Title 14 Chapter 1 as appropriate.
Apply these loads with the same wheel positioneghimst the nondeflecting
surface and the valve hole positioned at 0 degrees with respect to the center
of the wheel and the point of contact. The wheel must be able to support
the load without failure for at least 3 seconds. The bearing cones may be
replaced with conical bushings, but the cups used in operation must be used
for this loading. If, at a point of loading during the test, it is shown that the
tire will not successfully maintain pressure or if bottoming of the tire on the
nondeflecting surface auirs, the tire pressure may be increased to no more
than 2 times the rated inflated pressure. If bottoming of the tire continues
to occur with this increased pressure, a loading block which fits between the
rim flanges and simulates the load transfer ot tinflated tire may be used.
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The arc of wheel supported by the loading block must be no greater than 60
degrees.

(c) Maximum static load test. Test the wheel for the maximum static load test as
follows:

(1) Testmethod. Mount the wheel, with a suitablediof proper fit installed, on
its axle, and position it against a flat nondeflecting surface or a flywheel. The
wheel axle must have the same angular orientation to the load surface that
it will have to the runway when it is mounted on the aircraft andrgler
the maximum static load. Inflate the tire to the pressure recommended for
GKS YIEAYdzy aGFGAO f2FR af{dad ¢KS NI RA
through the axle and perpendicular to the load surface. The side load, when
required, must be appliethrough the wheel axle and parallel to the load
surface. For the side load, the wheel axle must be rotated or yawed to the
Fy3tS gKAOK gAff LINPRdzOS || &ARS f2FR
wheel is being roll tested.

(2) Roll test. The wheel mudie tested under the loads and for the distance
shown in Table I. At the end of the test there must be no cracks on the wheel

and no leakage through the wheel or past the wheel seal, and the bearing
cups may not be loosened in the hub.

TABLH

Category of Axcraft Load Conditions Roll Distance (miles
Part23 al EAYdzy adl GdAd 1000

Parts 27 and 29 al EAYdzy aidl GAO 250

(3) Reserved TABLE Reserved
(d) Pressure test. Pressure test the wheel in accordance with the following:

(1) Overpresare test. The wheel must be hydrostatically tested to withstand
without failure for at least 3 seconds application of an overpressure factor
not less than 3.5 for Part 23 airplanes, and 3.0 for rotorcraft, timesthe rated
inflation pressure determined byhe applicant.

(2) Diffusion test. The tubeless tire and wheel assembly must hold the rated
inflation pressure for 24 hours with no greater pressure drop than 5 percent.
This test must be performed after the tire growth has stabilized.

4.2 Wheelbrake asserbly test. A sample of a whebtake assembly design, with a suitable
tire of proper fit installed, must meet the following tests to qualify the design for its
kinetic energy ratings. The wheel of a whbehke assembly must be separately tested
under paragaph 4.1. The whedirake assembly must be tested with the operating
medium specified by the manufacturer.

(@) Dynamic torque tests. Test the whemlake assembly on the suitable inertial brake
testing machine in accordance with the following:

(1) Speed ad weight values. For airplanes, select either Method | or Method Il
below to calculate the kinetic energy level which a single wheel and wheel
brake assembly will be required to absorb. For rotorcraft, use Method I.

()  Method I. Calculate the kinetic ergy level to be used in the brake
testing machine by using the equation:
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TABLE 11l

(ii)

50 T8I T @

where:

KE =Kinetic energy per wheddrake assembly (fibs.);

W = Design landing weight (Ibs.);

V = Aircraft speed in knots. V must be not less thagsthle poweroff

stalling speed of the aircraft at sea level, at the design landing

weight, and the landing configuration.;
N = Number of wheels with brakes. For rotorcraft, the

manufacturer must calculate the most critical combination of

takeoff weight and brake application speed to be used in the
above equation.

Method Il. The speed and weight values may be determined by other
equations based on rational analysis of the sequence of events

expected to occur during an accelersg®p condition or an

operational landing at maximum landing weight. The analysis must
include rational or conservative valves for braking coefficients of

friction between the tire and runway, aerodynamic drag, propeller
drag, powerplant forward thrust, and, if critical, lossdofg credit for

the most adverse single engine or propeller due to malfunction. Do
not consider the decelerating effects of propeller reverse pitch, drag

parachutes, and powerplant thrust reversers.

Test requirements. The whebtake assembly must Ing the inertial testing
machine to a stop at the average deceleration, and for the number of
repetitions specified in Table 11l without failure, impairment of operation, or

replacement of parts except as permitted in paragraph 4.2(a)(3).

Categoryof Aircraft

KB 100 design landing stops at a deceleration selected by manufacturer k
notless than 10 ft/seé.

RE: 20 design landing stops at a deceleration selected by manufacturer bt
less than 6 ft./se€.

Parts 23

Parts 27 and 29

(b)

General Conditions.

(i)

During landing stop tests (K@t one change of brake lining is

permissible. The remainder of the brake assembly parts must

withstand the 100 Kf stops without failure or impairment of
operations.

Brake structural torque testApply load S and a torque load specified in paragraphs
4.2(b)(1) or (2), as applicable, for at lest 3 seconds. Rotation of the wheel must be
resisted by a reaction force transmitted through the brake or brakes by an
application of at least maximum brakee pressure or brake cable tension in the
case of a nonhydraulic brake. If such pressure of tension is insufficient to prevent
rotation, the friction surface may be clamped, bolted, or otherwise restrained
while applying the pressure or tension.
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(©

(d)

1)

)

Forlanding gears with only one wheel per landing gear strut, the torque load
is 1.2 SR where R is the normal loaded radius of the tire at rated inflation
pressure under load S.

For landing gears with multiple wheels per landing gear strut, the torque
loadis 1.44 SR where R is the normal loaded radius of the tire at rated
inflation pressure under load S.

Overpressurénydraulic brakes. The brake with actuator piston extended to
simulate a maximum worn condition must withstand hydraulic pressure fearast |
3 seconds, equal to the following:

(1)

)

For airplanes, 2 times the maximum brake line pressure available to the
brakes.

For rotorcraft, 2 times the pressure required to hold the rotorcraft on a 20
degree slope at design takeoff weight.

Endurane testshydraulic brakes. The hydraulic brake assembly must be subjected
to an endurance test during which the total leakage may not exceed 5cc and no
malfunction may occur during or upon completion of the test. Minimum piston
travel during the test may ridoe less than the maximum allowable piston travel in
operation. The tests must be conducted by subjecting the hydraulic brake assembly

to:

(1)

)

100,000 cycles for airplanes, and 50,000 cycles for rotorcraft, of application
and release of the average hydimupressure needed in the KRests
specified in paragraph 4.2(a)(2) except that manufacturers using Method II
in conducting the tests specified in paragraph 4.2(a)(2) must subject the
wheetbrake assembly to the average of the maximum pressure needed in
those tests. The piston must be adjusted so that 25,000 cycles for airplanes,
and 12,500 cycles for rotorcraft are performed at each of the four positions
where the piston would be at rest when adjusted for 25, 50, 75, and 100
percent of the wear limit; ad

5,000 cycles for airplanes, and 2,500 cycles for rotorcraft at the maximum
system pressure available to the brakes.
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ETSAC27

1 Applicability

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Twin Seaplane Floats

This ETSO gives the requirementsolhiwin seaplanes floats that are manufactured on or after
the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General

Applicable procedures are detailed inrEBSCubpart A

2.2 Specific

None.

3 Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the National Aircraft Standards Specification NAS 807, dated
June 1, 1951 as amended and supplemented by this ETSO:

(i)

(ii)

Secton 4.3.3.4 Unsymmetrical Landing. Haloat Landing with Drift.

Third sentence:

a¢tKS aARS 2R akKrtf o0S Glyokn GAYSaA
Section 4.3.3. Limit Load Factors for General Structure Design. Definition of
symbols following wbpart (b):

axd2 I FANLXFYS RSarady adGqlrttAay3a aLlsSs
thrust and landing flaps or other high lift devices in position for
landing.

2 [ 2yS KIfF GKS FANLX FYyS RSaiAday tFyR

3.1.2 Environmental Standard None.

3.1.3 Conputer Software

None
3.2 Specific
None.
4 Marking

4.1 General

Marking is detailed in GSTSCsubpart Aparagraph 1.2.

4.2 Specific None.

5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC28

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Aircraft Skis
1 Applicability

This ETSO gives the requirements which aircraft skis that are manufactured on or after the date
of this ETSO must meet indar to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performace Standard

Standards set forth in the National Aircraft Standards Specification NAS 808, dated
December 15, 1951.

3.1.2 Environmental Standard None.
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC30c

ED Decision 2003/10/Rfpplicable from 24.1Q003)
Aircraft Position Lights
1 Applicability

This ETSO gives the requirements which new models of aircraft position lights that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society of AutomotiZagineers, Inc., (SAE) Aerospace
{GFYRENR 6! {0 520dz2¥Syid !'{ ynoT oaaAyAyYdzy
t2aAuA2y [ATIKIad RIFIUSR Wl ydza NE mdycd

3.1.2 Environmental Standard
See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General

In lieu of the marking detailed in €3 SC5ubpart Aparagraph 1.2, the minimum lamp
candle power or lamp part number shall be shown.

4.2 Speciic
None.
5 Availability of Referenced Document
See GETSCubpart Aparagraph 3.
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ETSAC31d

ED Decision 2003/10/Rfpplicable from 24.10.2003)

High Frequency (HF) Radio Communications Transmitting Equipmentatipgrwithin the
Radio Frequency Range 13® Megahertz

1 Applicability

This ETSO gives the requirements which new models of high frequency radio communications
transmitting equipment operating within the radio frequency range-2bmegahertz must
meet inorder to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Perérmance Standard

Standards set forth in Radio Technical Commission for Aeronautics (RTCA)
Document DE.63 dated March 19, 1976 as amended and supplemented by this
ETSO.

Additions

In addition to paragraph 1.0, General Standards, of RTE&BCall materialssed

except small parts (such as knobs, fasteners, seals, grommets and small electrical
parts) that would not contribute significantly to the propagation of a fire, must be
selfextinguishing when tested in accordance with applicable requirements of
CS25.869(a)(4) and Appx F.

3.1.2 Environmental Standard:

See CETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSCBubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraphs.
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ETSAC32d

ED Decision 2003/10/Rfpplicable from 24.10.2003)

High Frequency (HF) Radio Communications Receiving Equipment operating within the
Radio Frequency Range 13® Megahertz

1 Applicability

This ETSO gives the requirements which new modédiggbffrequency radio communications
receiving equipment operating within the radio frequency range305negahertz must meet
in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in Radio Technical Commission for Aeronautics (RTCA)
Document D@63 dated March 19, 1976saamended and supplemented by this
ETSO.

Additions

In addition to paragraph 1.0, General Standards, of RTE&3all materials used
except small parts (such as knobs, fasteners, seals, grommets and small electrical
parts) that would not contribute signifantly to the propagation of a fire, must be
selfextinguishing when tested in accordance with applicable requirements of
CS25.869(a)(4) and Appx F.

3.1.2 Environmental Standard

See CETSGubpart Aparagraph2.1.
3.1.3 Computer Software

See GETSCBubpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2  Yecific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC39b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Aircraft Seats and Berths
1 Applicability

This ETSO gives theguirements which aircraft seats and berths that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking
for the following types:

Type Ig Transport/Large Aeroplane (9g forward load)
Type lic Normal and Utility
Type llig Aerobatic
Type I\, Rotorcraft
2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Rerformance Standard

Standards set forth in the National Aerospace Standard (NAS) Specification 809,
dated January 1, 1956 with the following exceptions, and as amended and
supplemented by this ETSO:

Exceptions

()  The sideward loads as specified in 4. T.2ble | of NAS 809 need not exceed
the requirements of the applicable Certification Specification (CS).

(i) Inlieu of compliance with 2.1, 3.1.2, and 4.3.2 of NAS 809, materialsin Type
| seats must comply with the fire protection requirements of CS %5.8
including the requirements of CS 25.853(c). Materialsin Type | berths must
comply with the fire protection provisions of CS 25.853(b).

Additions

Tests for Fire Blocking of Seat Cushions Tests must be conducted in accordance
with Appendix F, Part Il @S 25.

3.2 Specific
None.
4 Marking

4.1 General
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Marking as detailed in @STSOSubpart Aparagraph 1.2. In addition, the following
additional information must be shown when tested to the fire blocking requiretmien
above:

a/ 2YLX AL YOS 6A0GK /{ HpPdPypooOUO PA
4.2 Specific

None.

5 Availability of Referenced Document
See CETSGsubpart Aparagraph 3.
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ETSAC42

ED Decision 2003/10/R@pplicable from 24.10.2003)
Propeller Featheing Hose Assemblies
1 Applicability
This ETSO gives the requirements which propeller feathering hoses assemblies of the following

types that are manufactured on or after the date of this ETSO must meet in order to be
identified with the applicable ETSO rkeng:

() Type 1 (pressure line) hose assemblies which are intended to be used in the line
connecting the feathering pump outlet to the propeller governor.

(i) ¢e8LIS H o6adzalx e fAYyS aFANBS NBaradlydao K23
line connecting the oil supply to the feathering pump where this entire line is located aft
of the firewall.

i) ¢@LIS o oadzaldX e fAYyS aFANB LINR2FQ0 Kz2a$sS
connecting the oil supply to the feathering pump whehis entire line is located wholly
or in part forward of the firewall.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in Sections 3 and 4 of Military SpecificationsH8II95D,
dated October 14, 1985, or MH-8790D dated December 30, 1981 with the
following exception and shall also meet the appropriate fire test requeeis
listed below:

Test Methods

a Exceptionthe hydraulic impulse test requirements in MitE8795D and MH.
H-8790 need not be met for the purposes of this paragraph.

b Pressure line (type 1) hose assembly fire test
()  Test set up and flame requirements

(@) For the purpose of this test, a length of hose five times the
outside diameter or longer shall be subjected to a flame of the
size and temperature specified in (d) and (e) of this subdivision
while the hose is in a horizontal position. The entire ettthfj
shall also be subjected to this flame.

(b) The hose assembly shall be installed horizontally in the test
setup in such a manner that itincludes at least one full 90° bend
so that the pressure existing inside the hose will exert an axial
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(ii)

(i)

c { dzLJLX & NB&Sa llFyAINS odGellS w0 K2asS | a

(i)

(ii)

(©)

(d)

()

(f)

force on theend fitting equal to the inside area of the hose
multiplied by the internal pressure.

During the test the end fitting which is subjected to flame shall
be vibrated at the rate of 33 hertz through a total amplitude of
not less than 3.2 mm i.e. a dispkment of 1.6 mm on each side
of the neutral position.

The flame temperature shall be 1100°C plus or minus 30°C as
measured within 6.35 mm of the surface of the hose and end
fitting at the point nearest the flame. Suitable shielded
thermocouples or eqwalent temperature measuring devices
shall be used for measuring the flame temperature. A sufficient
number of these shall be used to assure that the specified
temperature exists at least along the entire end fitting and
along the hose for a distance obmnless than three times its
outside diameter.

The flame diameter shall not be less than three times the
maximum diameter of the hose or three times the maximum
diameter of the end fitting (whichever is the greater). The
length of the flame shall be sh that it extends beyond the end
fitting and hose when they are in place during the test, for a
distance of not less than three times the maximum diameter of
the hose or three times the maximum diameter of the end
fitting (whichever is the greater).

During the test SAE 20 oil or equivalent shall be circulated
through the hose assembly and the oil shall enter the hose
assembly at a temperature of not less than 93°C.

Fire test procedure

@)

(b)

Part |
Pressure: 1034kPa (150 psi) (minimum).

Oil flow rate 1.23dm3 (1.3quart)/minute (maximum).
Duration: 4 minutes, 30 seconds.

Part Il (which shall immediately follow Part 1) Pressure:
11378kPa (1650 psi) (minimum).

Oil flow rate: 13.2dm3 (14 quarts)/minute) (maximum); any
lower flow rate is acceptable).

Duration: 30 seconds.

Criteria for acceptability

The hose assembly under test shall be considered acceptable if it
complies with these tests conditions without evidence of leakage.

Test set up and flame requirements

Same as paragraph (b)(i) of this paragraph.

Fire test procedure
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Pressure: 207kPa (30 psi) (minimum).

Oil flow rate: 13.2dm3 (14 quarts)/minute (maximum). Duration: 5
minutes.

(i)  Criteria for acceptability
Same as pagraph (b)(iii) of this paragraph.
d {dzllLXt & fAyS oFANS LINB2Fa 00G&LIS o0 K2a
() Test set up and flame requirements
Same as paragraph (b)(i) of this paragraph.
(i)  Fire test procedure
Pressure: 207 IkPa (30 psi) (minimum).

Oil flow rake: 13.2dm3/minute (14 quarts/minute,) (maximum).
Duration: 15 minutes.

(i)  Criteria for acceptability

Same as paragraph (b)(iii) of this paragraph.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC43c

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Temperature Instruments

1 Applicability

This ETSO

gives the requirements which new models of temperature instruments that are

manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures

2.1 General

Applicable pocedures are detailed in €5 SCsubpart A
2.2 Specific

None.

3 Technical Conditions

3.1 Basic
3.1.1

3.1.2

Minimum PerformanceStandard

{4 yRIFINRa aSié F2NIK Ay GKS {19 I SNRaLJ
Performancd G F Y RIF NR F2NJ ¢ SYLISNI G dzNS Ly aidNHzySy
amended and supplemented by this ETSO:

Exceptions:

() In the friction error test SAE AS 8005, paragraph 4.8, the vibration (to
minimize friction) provisions of paragraph 4.3 do not apply.

(i)  For clarification, the vibration test of SAE AS 8005, paragraph 5.8, shall be
conducted in accordance with the test procedure of RTCA document DO
160D, paragraph 8.5.1.

Environmental Standard

See GETSGubpart Aparagraph 2.1.

3.1.3 Computer Software
See CETSGsubpart Aparagraph 2.2.
3.2 Specific
None.
4 Marking

4.1 General

Marking is detailed in GSTSCsubpartA paragraph 1.2.
4.2 Specific

None.

Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSGAC44c

ED Decision 2008/012/R (applicable from 18.11.2008
Fuel Flowmeters
1 Applicability

This E®O gives the requirements which fuel flowmeters that are manufactured on or after the
date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth ish\ppendix 1
3.1.2 Environmental Standard

The Fuel Flowmeter ndui ©6S GSadSR Ay | O0O2NRIyOS
Ct26YSUSNRERE FTNRY WdzA @8 wm3I rmppendiXlofdzigt Saa 2
9¢{hx {!'9 ! {mnpp5 GCANB ¢SadAay3a 2F Cf SEA
arR { AYAf NJ{ééuSY | 2YLRyYySyiliaéd o0aSoOlArzya
ED14E (RTCA D@c n 9 0 9y®)\N2yYsyu|f | 2YRAGARZ2Y A
FAND2NYS 9ljdzA LIYSy i FNRBY al NOK Hnnp dzyf !

of this ETSO.
3.1.3 Computer Stiware

If the equipment design includes a digital computer, the software must be
developed in accordance with EUROCAELED (RTCA D@Ty . 0  a{ 2 T u gl
/| 2yaARSNY GA2y& Ay ! ANDBD2NYyS {eadisSvya FyR ¢

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
[Amdt ETS(3]
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APPENDIA TOETSEC44C

MINIMUM PERFORMANGR ANDARD FORJELH.OWMETERS

ED Decision 2008/012/R

1. General Requirements.

The applicable standard is SAE AS407C, Fuel Flowmeters, dated July 1, 2001.
Paragraphs 3.1, 3.1.1, 3.1.2, 3.2.b, and 4.2theoSAE A®7C do not apply to this ETSO.
SAE AS407C must be applied as follows (changed text shown]framed):

a.

=

Temperature. On Page 2 of SAE AS407C, replace Table 1 with the following table.

TABLE 1

| INSTRUMENTLOCATION ____ | A | B
Heated Areas (Temp. Conliex) -30 to 50°C -65 to 70°C
Unheated Areas (Temp. Controlled) -55 td 70°C -65 to[100°G
Power Plant Compartment -55 to 70°C -65 to 100°C
Power Plant Accessory Compartment -55 1o 70°C -65 to 100 °C

lf GA0dzRS® LYy GKS FANRG aSyidSyOoS 2F LJ NI 3N
(12.192 m) standard altitude with 51.000 ft (15.545 m) standard altitude.

Leak Test. In the second sentenceof pakraggKk ¢ ®o0> [ SI' 1 ¢Sadz oL IS
LINSB&aadaNBE 2F nn LBAA OHTpdy (tlo €gAGK bi?2
manufacturer's recommendations."

2.  Testing Your Fuel Flowmetén addition to the qualification test requirements describe&AE

AS407C, perform the following tests:

a.

=3

Thermal Shock Test. This test applies to any hermetically sealed components. Subject the
components to four cycles of exposure to water 85° + 2° C and 5° + 2° C. There should be
no evidence of moisture damage toating or enclosure. During each cycle of the test,
immerse the component in water at 85° £ 2° C for 30 minutes. Within 5 seconds of
removal from the bath, immerse the component for 30 minutes in the other bath
maintained at 5° + 2° C. Repeat this cydetinuously, one cycle following the other until

four cycles are completed. After this test, subject the component to the sealing test in
paragraph 2b (2) of this appendix. The component must have no leakage resulting from
the test.

Sealing Test. Applthis performance test to any hermetically sealed components.
Immerse the component in a suitable liquid such as water. Then reduce the absolute
pressure of the air above the liquid to about 1 inch of mercury (Hg)kBa3 Maintain

this absolute pressurdor 1 minute, or until the liquid stops giving off air bubbles,
whichever is longer. Increase the absolute ga@re by 2% inches Hg (8.5 kRé&gny
bubbles come from the component case, consider it Leakage and reject the component.
Do not consider bubbk, resulting from entrapped air in the exterior parts of the case, as
leakage. If other test methods provide evidence equal to the immersion test, they can be
dzaSR G2 GSad GKS AydSaNmnae 2F GKS AyaidN
nonhermeticallysealed appurtenances such as a case extension, these appurtenances
can be removed before the sealing test.

Other Tests. The following table lists where can be find other tests and conditions:
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For:
Fireresistant or fireprof test SAE AS 1055, Rev. D, , dated June 1997, Sections ¢
Explosion proofness test EUROCAE HZ2E /RTCA/DQ60E Section 9

Power input test EUROCAE HZE /RTCA/DQG60E Section 16

Voltage spike test EUROCAE HIZE /RTCA/DQG60E Section 17

Audio frequency conducted EUROCAE HZIE /RTCA/DQG60E Section 18

susceptibility test
Induced signal susceptibility test EUROCAE H2E /RTCA/DQ60E Section 19
Radb frequency susceptibility tes EUROCAE HE /RTCA/DQ60E Section 20

[Amdt ETS/3]
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ETSAC45b

ED Decision 2008/012/R (applicable from 18.11.2008
Manifold Pressure Instruments
1 Applicability

This ETSO gives the requirements which manifold pressure instruments that are manufactured
on or after the date of this ETSO must meet in ortiebe identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performanceétandard

Standard set forth in the SAE Aerospace Standard (AS) document: SAE AS 8042
from December 1, 1985, unless otherwise specified\pgendix lof this ETSO.

3.1.2 Environmental Standard

The Manifold Pressuren$truments must be tested according to Section 7 of SAE
AS 8042 and EUROCAEIEE (RTCAD®Wc 190 G 9YBANRYYSydlt /
¢Sad t NPOSRdAzZNB&a F2NJ ! AND2NYS 9ljdzA LIYSyd ¢

3.1.3 Computer Software

If the Manifold Pressure Instruments includedigital computer, the software
must be developed according to EUROCAEHED(RTCAD®TY . 00X a{2Fd g4I
/| 2yaARSNYI GA2ya Ay ! ANDB2NYyS {aitSvya FyR 9

1992.
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSGsubpart Aparagraph 3.
[Amdt ETSO/3]
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APPENDIX TOETSEC4% ¢ MINIMUM PERFORMANCEANDARD FOR
MANIFOLPRESSURIEISTRUMENTS

ED Decision 2008/012/R

This appendix lists EASA modifications to the MPS for Manifold Pressure Instruments.
The applicable standard is SAE AS 8042, Manifold Pressure Instruments, dated Decenger 1, 19

1. Manifold Pressure Instruments are not required to meet the requirements in SAE AS 8042
paragraphs 3.1, 3.2, and 3.3.

2. Replacement of SAE AS 8042 paragraph 3.24.2 (Fire Hazards) by:
GOEOSLII F2NJ avlhktf LI NIa o 4&dzakdsial eleEtricalpats) S N& =
that would not contribute significantly to the propagation of a fire, all material used must be

selfextinguishing when tested in accordance with the requirements of CS 25.1713(c) and the
applicable portions of Part |, Appekdi C @ ¢

[Amdt ETSO/3]
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ETSAC46a

4

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Maximum Allowable Airspeed Indicator Systems

Applicability

This ETSO gives the requirements which maximum allowable airspeed indicator systems that
are manufactured on orfter the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

Procedures

2.1 General

Applicable procedures are detailed inEBSCsubpart A

2.2 Specific

None.

Technical Coditions

3.1 Basic

3.1.1 Minimum Performance Standard

{41 yRINRa &aSid 7T ZFodbr& Aviaybn AdiiSistratidn Blar@dddS R o
Maximum Allowable Airspeed IndicatorSystéms & | YSYRSR | YR & dzL.
by thisETSO:

a. Tests procedures set forth in Society of Automotive Engineers (SAE)

| SNRY Il dziAOFE {GFYyRFNR o0!{0 nmy! RIGSR
' ANBLISSR LyadNdzySyisz wSOALNROIGAY3 9y
REGSR ! LINAf ™p Jowabkk Aicspeedd resttutaehty Tarpine! f

t 26 SNBER ! ANONI Flaz YI& 0SS dzaSR F2NJ (K
related standards in this ETSO. However, environmental limits, or other

limits, specified in these procedures must be adjusted if necessaryrée ag

with those specified in this ETSO.

Other test procedure may also be adequate and valid for the purpose.

Where applicable, instead of the referenced FAA documents/paragraph the
corresponding IR, CS or ETSO document/paragraph shall be used, when
available.

3.1.2 Environmental Standard

I'a

a il 0 Sdheral ANiatibrkASimirdstration Standard, Maximum Allowable

Airspeed Indicator Systersd

3.1.3 Computer Software

None
3.2 Specific
None.
Marking

4.1 General
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Marking is detailed in GSTSCOSubpart Aparagraph 1.2; in addition to the markings
required by this paragraph, the instrument must be marked to indicate its range in knots
and, if applicable, to identify the calibration employed to control the movetrd the
maximum allowable airspeed pointer in the Vmo and Mmo ranges, or to identify the
particular aircraft type design on which the instrument is intended to be used.

4.2 Specific
None.
5 Availability of Referenced Document
See GETSCubpart Aparagraph 3.
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APPENDIN TOETSGEC46\ ¢ FEDERAAVIATIONADMINISTRATION
STANDARDPMAXIMUM ALLOWABLRIRSPEEINDICATORYSTEMS

ED Decision 2003/10/RM

1. Purpose.

This document specifies minimum performance standamfs pitot-static type, maximum
allowable airspeed indicator systems which indicate continuously both indicated airspeed and
maximum allowable airspeed.

2.  Performance Requirements.
2.1 General

(@) Materials. Materials must be of a quality demonstrated to beitable and
dependable for use in aircraft instruments.

(b) Environmental conditions. The instrument must be capable of performing its
intended function and not be adversely affected during or following prolonged
exposure to the environmental conditiossated under section 3. Where optional
environments conditions are set forth, the conditions selected must be declared as
equipment limitations.

2.2 Detall requirements.

(@) Indicating means. Indicated airspeed and maximum allowable airspeed must be
displayed in such a manner that the numerical values on the scale increase in a
clockwise, left to right, or bottom to top direction.

® /1348 YFENlAYyIad ¢KS 2dzitSda Ay GKkS OF as
LINB & & dNB 02yy SO A 2 y&pressyfdonpectiok o{ & F2NJ 0 f

2.3 Design requirements.
(@) Adjustable settings.

(1) Maximum allowable airspeed pointer. An adjustable stop may be provided
in the instrument for limiting the movement of the maximum allowable
airspeed pointer. If included, the dgsi of this adjustment must be such that
it will not affect the indication of the pointer when the altitude pressure
conditions and Mach Number setting are such that the limiting speed will be
lower than that set by the adjustable stop.

(2) Mach Number. Ifa readily accessible means is provided for setting the
instrument to any desired Mach Number, the value of the setting must be
visible from the front of the instrument. When the instrument does not
contain an external Mach Number setting adjustment, thdugaof the
permanent Mach Number setting need not be visible from the front of the
instrument.

(b) Visibility. The indicating means and all markings must be visible from any point
within the frustum of a cone, the side of which makes an angle of at |€&st/&h
the perpendicular to the dial and the small diameter of which is the aperture of the
instrument case. The distance between the dial and the cover glass must be a
practical minimum.

(c) Calibration.
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(d)

()

(f)

(¢)]

(h)

(1) Indicated airspeed pointer. The indicated apeed pointer must indicate
airspeed in accordance with the values contained in Table I.

(2) Maximum allowable airspeed pointer. The maximum allowable airspeed
pointer must indicate maximum allowable airspeed values in the Vmo and
Mmo limit ranges which

() Follow the standard fundamental relationships of subsonic
compressible flow gas dynamics which are stated in appendix A; or

(i)  Are adjusted to account for design factors that are characteristic of a
particular aircraft type design such as, but notited to, static source
pressure error variations and variable speed limitations with altitude.

Scale error.

(1) Instruments with permanent Mach Number setting. The indicated airspeed
scale error and the maximum allowable airspeed scale error mustxuweed
the tolerances specified in Tables | and I, respectively, with the instrument
set at its permanent Mach Number.

(2) Instruments with means for external Each Number setting adjustment.

()  The indicated airspeed scale error must not exceed the &olees
specified in Table | with the instrument set at the lowest Mach
number.

(i)  The maximum allowable airspeed scale error must not exceed the
tolerances specified in Table Il with the instrument set at the lowest
Mach Number and at increasing Mach Nwenisetting of not more
than 0.10 to and including the maximum Mach Number.

Hysteresis. The reading of the maximum allowable airspeed pointer first at 30,000
feet altitude and then at 10,000 feet altitude must not differ by more then 2 knots
from the caresponding readings obtained for increasing altitudes during tests to
assure the instrument complies with the scale error uiegments of section
2.3(d)(2fji) of this TSO.

After effect. To assure the instrument complies with the scale error requirésne

of section2.3 (d) (2) (ii) of this TSO, the maximum allowable airspeed pointer must
return to its original readings, corrected for any change in atmospheric pressure,
within 3 knots, after not less than 1 or more than 5 minutes have elapsed following
completion of performance tests.

Friction.

(1) Maximum allowable airspeed pointer. The friction of the pointer must not
produce an error exceeding 4 knots at each point indicated by an asterisk in
Table II.

(2) Indicated airspeed pointer. The frictimn the pointer must not produce an
error exceeding 3 knots at each point indicated by an asterisk in Table I.

Leak.

(1) Case leak. When subjected to a static pressure differential of 15 inches of
mercury between the inside and outside of the case, itliernal pressure
must not increase because of case leaks more than 0.05 inches of mercury
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at the end of 1 minute time following first application of the differential
pressure.

(2) Airspeed diaphragm leak. There must not be any apparent movement of the
indicated airspeed pointer for 1 minute after a sequence of events in which
pressure sufficient to produce full scale deflection of the indicated airspeed
pointer is applied to the pitot connection (static pressure connection open
to atmosphere), the pressursource is stopped, and the connection tubing
pinched.

3. Environmental Conditions.

3.1 Temperature. The instrument must perform its intended function over the range of
ambient temperature from30° to 50° C. With the instrument temperature stabilized at
the limits of the range, the scale error must not exceed by more than 4.5 knots the
tolerances specified in Tables | and Il at the points marked with an asterisk. The
instrument must not be adversely affected by exposure to the range of ambient
temperaturefrom -65° to 70° C.

3.2 Altitude. The instrument must perform its intended function and must not be adversely
affected when operating in the pressure range frof)000 feet and the maximum
altitude of intended operation. The instrument must withstand ateeral case pressure
2F pna 130 [ 0a2ftdziS ¢KSy AyaidlftfSR LINELISNI
F LIINRPEAYLF(0St@ nHpdpua | 3 | oazfdziSo

3.3 Vibration. The instrument must perform its intended function and must not be adversely
affected when subjectetb vibrations of the following characteristics:

Instrument panel mounted | Frequency Maximum double | Maximum
(vibration isolated) cycles per second] amplitude (inches) acceleratlon

Reciprocatingengine 5-50 0.020

powered aircraft; ¢

Turbine engine 5-55 0.020 CCCCC
powered aircraft; ¢ 55-1000 CEEEE 0.25g

3.4 Humidity. The instrument must perform its intended function and must not be adversely
affected following exposure to the extreme condition of relative humidity in the range
from 0 t095 percent at a temperature of approximately 70° C. for a period of 10 hours.

4.  Compliance Tests.

As evidence of compliance with this standard, the manufacturer must perform evaluation tests
on proto- type instruments to demonstrate proper design, relidglp in performance of its
intended functions, and conformity with the performance standards of section 2. Tests must
also be performed to demonstrate compliance with the environmental condition requirements
specified in section 3.

5. Individual Performace Tests.

The manufacturer must conduct such tests as may be necessary on each instrument to assure
that it will meet the minimum performance requirements of sections 2.3 (b) through 2.3 (h).

TABLE |

Speed knots Impactpressure (gc) inches Hg at 25 Tolerance knots

50 0.1198 +4.0
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Speed knots Impactpressure (qc) inches Hg at 25 Tolerance knots

*60 1727 2.0
80 3075 2.0
*100 4814 2.0
120 6950 2.0
*150 1.091 25
180 1,580 3.0
%200 1.959 3.0
230 2,610 3.0
%250 3.100 3.0
280 3.924 3.5
%300 4534 3.5
320 5.195 3.5
%350 6.286 4.0
370 7.082 45
*400 8.385 5.0
430 9.826 5.5
*450 10.87 6.0
480 12.56 7.0
%500 13.78 7.0
520 15.07 7.0
%550 17.16 8.5
570 18.66 8.5
*600 21.07 9.0
630 23.71 9.5
*650 25.59 10.0
TABLE I
0 29.921 *4

*5,000 24.896

10,000 20.577

*15,000 16.886

20,000 13.750

%25,000 11.104

30,000 8.885

*35,000 7.041

40,000 5.538

*45,000 4.355

50,000 3.425 "4

**From indicated airspeed corresponding to maximum equivalent airspeed or maximum mach
whichever is the limiting factor.

APPENDIX A
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Relationships For Calibrating Maximum Allowable Airspeed Pointer

(1) For altitudes from sea level to altitude where

| k-1

k I

‘ [yl k=1 |l !
Pl vim

| . -1‘ Y| S
Fo || 5C“go

2
VMo =Cso |ﬁ

S

(2) For altitudes where MMO s limited factor:

| k-1

2 |lp k=1 9 k=1 |
VMO =Cg0 |—— 11— |1+ ——M —1+1F =1
MO 50\k-1 il 2 Mo | :

Where:
Vo = Maximum allowable indicatedi@speed in knots.

Mmo= Maximum allowable mach.

K = Ratio of specific heats=1.40 for air.
P, = Pressure at sea level in inches of Hg.
P = Ambient static pressure in inches of Hg.

Co= Speed of sound at sea level=661.48 knots.
a = Density raticat altitude.

Vm = Maximum equivalent airspeed in knots
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ETSAC47a

ED Decision 2008/012/R (applicable from 18.11.2008
Pressure Instrumentg, Fuel, Oil and Hydraulic
1 Applicability

This ETSO gives the requirements which fuel, oil and hydraulic pressureniasts that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpartA.
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace Standard (AS) document: SAE AS 408C
Gt NB & adzNB -CHStiNIpyASty Glay R | @ RNY dzf A O¢ FTNRY
spedfied byAppendix lof this ETSO.

3.1.2 Environmental Standard

Testing fuel, oil, and hydraulic pressure instruments must be in accordance with

SAE AS408C section 7 and EUROCAREIRTCAD@Cc N 90 A9Y BANRBY Y

QYRAGAZ2YA YR ¢Said t NPOSRdAzZNB& FT2NJ ! AND?2
3.1.3 Computer Software

If fuel, oil, and hydraulic pressure instrument includes a digital computer, the

software must be developed according to EUROCAE2BD(RTCA DLY38B)

G { 2 ¥ {Considedations in Airborne Systems and EquY Sy G / SNI A FAOF G
1992

3.1.4 Electronic Hardweae Qualification.

If the fuel, oil, and hydraulic pressure instrument includes a complex custom-micro
coded component, this must be developed according to GBORE EBO (RTCA
DOHpnNnOX a5SaAady ! aadzN> yOS DdzARIFyOS F2NJ

April 2000.
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
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a) Atleast one major component of the fuel, oil, and hydraulic pressure instrument
shall be marked permanently and legibly with all the information as provided in
SAE AS408C, Sentth?2 (except paragraph 3.2.b).

b) al NJ &CANSE NI & Ardointatyorilégibl aidl per@ans@y INR 2 T£ A
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
[Amdt ETSO/3]
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APPENDIA TOETSGBC4A ¢ MINIMUM PERFORMANCETANDARIEMPS)
FORPRESSURESTRUMENTSHUEL OIL ANDHYDRAULIC

ED Decision 2008/012/R

1. The MPS applying to this ETSO are provided in SAE AS408C, Pressure InstRusle@s, and
Hydraulic, dated July 1, 2001, except for paragraphs 3.1, 3.1.1, 3.1.2,2hd

Here are provided the mafitations to be applied to the referenced SAE document:

AS408C modification:

Title wS LI | (:)S at NB@@I-HB{LE)H, Qnyi &Iyidnjaimw(lgeﬁiﬁr@cati
9YIAAYS t26SNBER ! ANONJI T ¢ ¢ Ruazda,
YR | @RNJI dz A O¢

Sectionl.1 WéLva I OS ,dXLJNJ\ Y NA f,é ,¥2,NAJ dzaS g A
FANONI FuX Xé {dzoaiuAudziSY aXT2N

AS408C section 7 modification:

Para 7.13 :éSAGSéGAOQVIVQZ\GAEyé AY {!9,,!{M
¢dzo0S !'aasSyotAsSaz [/ 2Ataz CAUUAY
June 1, 1997, Sections 4 and 5.

Para 7.14 Add test conditions in EUROCAEIRE / RTCA DGGOE, Section 16
Power Input.

Para 7.15 Add test conditions in EUROCAEIEE /| RTCAGOG160E Section 17
Voltage Spike.

Para 7.16 Add test conditions in EUROCAEIEEB / RTCA DGGOE Section 18, Audi
Frequency Conducted SusceptibilgyPower Inputs.

Para 7.17 Add test conditions in EUROCAEIEB / RTCA DGSOE Section 19
InducedSignal Susceptibility

Para 7.18 Add test conditions in EUROCAEIRE / RTCA DGGOE Section 20, Rad

Frequency Susceptibility.

2. The performance of fuel, oil and hydraulic pressure instruments can be enhanced or made
superior to this specificatigrdepending on intended application and configuration.

[Amdt ETSO/3]

Powered by EASA eRules Pagedlof 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC4c

ETSAC48

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Carbon Monoxide Detector Instruments
1 Applicability

This ETSO gives the requirements which carbon monoxide detector instisirtigat are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in the SAE Aerospace Standanl Mm% ! o/ F Nb2y az2y:

5SG0SOG2N) LyadNHzySyiaaz RIFIGSR 5S0SY0SNI m
3.1.2 Environmental Standard
As indicated in A812A.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETS@C49b

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Electric Tachometer: Magnetic Drag (Indicator and Generator)

1 Applicability

This ETSO gives the requirements which electric tachometers: magnetic drag (indicator and
generator) that are manufactured on or after the date of this ETSO must meet in order to be
identified with the applicable ETSO marking.

2 Procedures

2.1

2.2

General
Applicable procedures are detailed inEBSCsubpat A.
Specific

None.

3 Technical Conditions

3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace Standard (AS) document: AS 404B dated

February 1, 1959, and reconfirmed May 1991, as amended and supplemented by

this ETOS:

Exceptions.

()  The following specifically numbered parts in-4®B do not concern
minimum performance and therefore are not essential to compliance with
this paragraph: Parts 3.1, 3.1.1, 3.1.2, 3.2, 3.2(a)(b)(c)(d)(e)(), 4.1.3.1,
4.1.3.2,4.1.3.3,4.3.4,and 4.1.3.5.

(i) Inlieu of part 7 in A804B, it is a requirement that tachometers covered by
this paragraph be capable of successfully passing the tests in parts 7.1
through 7.8.

3.1.2 Environmental Standard
As prescribed in AS 404B.
3.1.3 Compuer Software
See CETSGubpart Aparagraph 2.2
3.2 Specific
None.
4 Marking
4.1 General
Marking is detailed in GEIST SCsubpart Aparagraph 1.2; in addition, range arating shall
be shown.
4.2 Specific
None.
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5 Availability of Referenced Document
See G&ETSGubpart Aparagraph 3.
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ETSAC50c

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Audio Selector Panels and Amplifier
1 Applicability

This ETSO gives the requirements which audio selector panels and amplifiers that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicableprocedures are detailed in &3 SCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in EUROCAE document ED 18 (1985) (RTIZA(DI30))

a! dREFAALIYSYiad LYy | RRAGAZY G2 LI NI INF LK
materials used except small parts (such as knobs, fasteners, seals, grommets and
small electrical parts) that would not contribute significantly to the propagation of

a fire, must beselfextinguishing when tested in accordance with applicable
requirements of and JAR 25.1359(d) Appendix F.

3.1.2 Environmental Standard

See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referencedocument
See CETSCBubpart Aparagraph 3.

Powered by EASA eRules Paged5of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC52t

ETSAC52b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Flight Directors
1 Applicability

This ETSO gives the requirements which flight director equipment, phlymiari use in
reciprocating engine powered aircraft, that is manufactured on or after the date of this ETSO
must meet, in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

{GFyRIFINRa aSi F2NIK Ay GKS {19 ! SNraL) O
9l dA LIYSYyGaz +a NBIFIFFANNYSR alé mMppmMod

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CGETSGubpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GBTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC53a

ED Decision 2003/RM (applicable from 24.10.2003)
Fuel and Engine Oil System Hose Assemblies
1 Applicability

This ETSO gives the requirements which fuel and engine oil system hose assemblies that are
manufactured on or after the date of this ETSO must meet in ordeetméntified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Staad

(1) Minimum performance standards are hereby established for the following
types of fuel and engine oil system hose assemblies:

() Type A. NodireNBaA &Gl yld oy2NX¥IFfa GSYLISNI (
which are intended to be used in locations outside fianes where
the fluid and ambient air temperatures do not exceed 121°C.

(i) TypeB.NofireNSaAA A0yl oKAIKAE& GSYLISNI G dzNF
are intended to be used in locations outside fire zones where the fluid
and ambient air temperatures do not eaeed 232°C.

iy TypeC. FIlNB aA &Gl yi ay2N¥YIFfa GSYLISNI G dN
are intended to be used in locations within fire zones where the fluid
and ambient air temperatures do not exceed 121°C.

(iv) TypeD.FirddBAA A0 yi oKA 3 Kssembli&sYwhi$hMie ( dzZNBE
intended to be used in locations within fire zones where the fluid and
ambient air temperatures do not exceed 232°C.

Each type shall comply with the following requirements. Three
samples of each size shall be tested.

(1) Type A hose @sSYof ASa AKIff O2YLX &
t SNF2NYIFyOSda LI NI INIF LIK NBH dzA NB Y S
8795A, dated July 25, 1958, except as noted inpauagraph
(2) of this paragraph. The hose incorporated therein shall
O2yFT2N¥XY (2 oaodc t SEedithNohMOSa LI N
H-8794A, dated July 25, 1958, except as noted iRpsuragraph
(2) of this paragraph.

(2) ¢e&LXsS : K2as aaSYyoftASa akKl €
t SNF2NYIF yOSda LI NI INIF LK NBH dzA NB Y S

~n
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25579 (USAF), dated March 19, 195%ept as noted in sub
paragraph (2) of this paragraph.

(3) Type C hose assemblies shall comply with the above
requirements for type A hose assemblies and in addition shall
pass the fire test described in sparagraph (3) of this
paragraph.

(4) Type D hoseassemblies shall comply with the above
requirements for Type B hose assemblies and in addition shall
pass the fire test described in spharagraph (3) of this
paragraph.

(2) Exceptions.

()  Type A hose assemblies are not required to comply with paragraphs
3.6.1.2 and 3.6.2.7 of Specification M#8794A. The operating and
proof pressures referred to in Table 1 of that specification shall be
GK2aS @ltdsSa tAa0SR Ay (GKS oaCdsSta
to be utilized shall be twice the proof pressére f A A SR Ay {KS
column in Table 1. The foregoing shall likewise apply in showing
compliance with Specification MH-8795A.

(i)  Type B hose assemblies are not required to comply with paragraphs
3.6.5, 3.6.7 and 3.6.10 of Specification MH25579 USAF). The burst
pressures to be utilized shall be twice the proof pressures listed in
Table 1 of that specification.
(3) Fire test procedure and requirements. A description of the standard fire test
F LI NI Gdza FyR AdG& dza$S MN& (xdzma ClYIR d NRIOWB
(Power Plant Engineering Report N°3). The use of a protective sleeve over
the hose and/or end fittings is permitted to facilitate compliance with the
fire test requirements. Sleeves or covers shall be secured to the hose
assembly so fe-resistant properties will be maintained.

()  Oil pressure during fire test: Type C hose assemblies operating
LINBadadsNBE aLISOAFTFASR Ay GKS oacCdzsSta O2
H-8795A. Type D hose assemblighie operating pressure specified
in Table 1 of Specification MH:- 25579 (USAF).

(i)  Oil flow rate: 5X(Hose assembly actual ID in inches)2. (Example: Flow
rate for-16 size =5X(7/8)2=3.8GPM)

(i)  Duration: 5 minutes.

(iv) Criteria for acceptability: The hose assembly shall be coreider
acceptable if it complies with these test conditions without evidence
of leakage.

3.1.2 Environmental Standard
As per paragraph 3.1.1 above.
3.1.3 Computer Software
None
3.2 Specific
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None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.
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ETSAC54

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Sall Warning Instruments
1 Applicability

This ETSO gives the requirements which stall warning instruments that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aeronautical Standard AS 403A Ks{1€d1952.
revised 15/7/1958 with exceptions and additions to the standard listed in the
following subparagraph:

Exceptions and additions

(i)  The following specifically numbered parts in AS 403A do not concern
minimum performance and therefore are nos&ential to compliance with
this paragraph: Parts 3.1; 3.1.1.; 3.1.2; 3.2(a), (b), (c) (d), (e), and (f).

(i) Inlieu of Part 7 of AS 403A, itis a requirement that stall warning instruments
covered by this paragraph be capable of successfully passingestsein
Parts 7.1 through 7.7 of AS 403A.

(i)  Thermal shock: This test shall apply to any hermetically sealed component.
The component shall be subjected to four cycles of exposure to water at
85°+2°C and 5°+£2°C without evidence of moisture penetrati@@mage to
coating or enclosure. Each cycle of the test shall consist of immersing the
component in water at 85°+2°C for a period of 30 minutes and then within 5
seconds of removal from the bath, the component shall be immersed for a
period of 30 minuts in the other bath maintained at 5°+2°C. This cycle shall
be repeated continuously, one cycle following the other until four cycles
have been completed. Following this test, the indicator shall be subjected to
the Sealing test specified in (iv). No leagaball occur as a result of this test.

(iv) Sealing: This performance test shall apply to each hermetically sealed
instrument. The instrument shall be immersed in a suitable liquid such as
water. The absolute pressure of the air above the liquid shalhthe
reduced to approximately 34 hPA (1 inch of mercury (Hg)) and maintained
for 1 minute or until air bubbles cease to be given off by the liquid, whichever
is longer. The absolute pressure shall then be increased by 85 hPa (2 1/2
inches Hg). Any bubblesoming from within the indicator case shall be
considered as a leakage and shall be cause for rejection. Bubbles which are
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3.2

4 Marking

4.1

4.2

v)

None

Specific

General

Specific

the result of entrapped air in the various exterior parts of the case shall not
be considered as a leakage. Other tests methods wpickide evidence
Sljdz- £ G2 GKS AYYSNEAZ2Y G(Sad 2F GKS
used. Ifthe instrument incorporates non hermetically sealed appurtenances
such as a case extension, these appurtenances may be removed prior to the
sealing tet

Power malfunction indication: Means shall be incorporated in the

instrument to indicate when adequate power (voltage and/or current) is not

being made available to all phases required for the proper operation of the
instrument. The indicating meamsball indicate a failure or a malfunction in

a positive manner, and be readily discernible under any lighting condition
normally encountered in aircraft.

3.1.2 Environment Standard
As indicated in AS 403A document.
3.1.3 Computer Software

Marking is detailed in GSTSCsubpart Aparagraph 1.2.

5 Availability of Referenced Document

See C&ETSGubpart Aparagaph 3.
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ETSAC55

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft)
1 Applicability

This ETSO gives the requirements which fuel and oil quantity instruments that are manufactured
on or afte the date of this ETSO must meet in order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Condions
3.1 Basic
3.1.1 Minimum Performance Standard
{ G yﬁel- N\]:?é’éél"] TQI\JJEAKV Ay GKS {19 ! SNRBALI OS
LyauNdXzySydaaz RIUOSR WdzZ & mMpXZ mMdppy Fa F YS

()  Conformance with the following paragrapbisAS 405B is not required: 3.1;
3.1.1,3.1.2,3.2and 4.2.1.

(i) {dzoadAGdziS GKS F2tft26Ay3 F2NJ LI NI AN L
tests, in addition to any others deemed necessary by the manufacturer, shall
be the basis for determining comptiee with the performance requirements
2F UKAA adl yRINRao®
3.1.2 Environmental Standard
As specified in the SAE Aerospace Standard AS 405B.

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC56b

ED Decision 2008/012/R (applicable from 18.11.2008
Enginedriven Direct Current Generators/Startegenerators
1 Applicability

This ETSO gives the requirements which endimen Direct Current generators/starter
generators that are manufactured on or after the date of this ETSO must meet in order to be
identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standads set forth in the SAE Aerospace Standard (AS) document: AS8020,
"Engine Driven D.C. Generators/Star(@enerators and Associated Voltage
Regulators", dated January 1980 (and reaffirmed by SAE in August 1991).

3.1.2 Environmental Standard

EUROCAEERBEOW¢ /! 5hmMcn90 AGa9YPBANRBYYSyGlt [ 2y

F2NJ I AND2NYS 9ljdALIYSY(Gé FNRBY al NOK Hnanpd
3.1.3 Computer Software

If the Engine Driven Direct Current Generator / Starter Generator and the

associated voltage regulators include a digital computiee, software must be

developed according to EUROCAE-12B (RTCA D@Ty . 0 G{2Fdst
/| 2YyaARSNY GA2y&a AYy ! AND2NYyS {&adsSvya FyR ¢

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.

4.2 Specific
In addition to the information specified in 84.1, the following information is required:
(1) Means of indicating if the article is a D.C. generatr a D.C. startegenerator;
(2) Nominal power ouput (electrical voltage and watts);
(3) Mechanical power input requirements (pad requirements).

5 Avalilability of Referenced Document
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See GETSGubpart Aparagraph 3.
[Amdt ETSO/3]
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ETSAC57a

ED Decision 2003/1RM (applicable from 24.10.2003)
Headsets and Speakers
1 Applicability

This ETSO gives the requirements which headsets and speakers that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in EUROCAE documdnt1B (1985) (RTCA E1@0(1980))
a! dzZRA2 9ljdALIYSYdao

3.1.2 Environmental Standard

See CETSCubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSCubpart Aparagaph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC58a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Aircraft Microphones (Except Carbon)
1 Applicability

This ETSO gives the requirements which aircraft microphones (except carbon) that are
manufactured on or after th date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditios
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in EUROCAE document ED18(1985) (RT-CA0(@80))
a! dzZRA2 9ljdZA LIYSy G ao

3.1.2 Environmental Standard

See C&ETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart A
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC59

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Selective Calling Equipment
1 Applicability

This ETSO gives the requirements whichbaine selective calling equipment that is
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in RTCAdocument-P@ aa Ay A YdzY t SNF2NXI yO!
F'AND2NYS {StSOGAGS /FiftAy3a 9ljdALIYSYylia RE

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2  Pecific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC60b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Area Navigation Equipment Using Loran C Inputs
1 Applicability

This ETSO gives the requirements which airborne area navigation equipment using Loran C
inputs that is manufactured on or after the date of this ETSO, must meet in order to be identified
with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed in-ESSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in Radio Technical Commission for AeronauticSAJRT
Document D@ dpn  daAyAYdzyY hLISNI GA2y Il f t SNF2NXYI
I NBF bl @Al GA2Y 9ljdALISYlH !'aiy3a [2Nry |/
amended and supplemented by this ETSO in particular as specifipdendix 1

3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.
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(ii)

(ii)

(iv)

V)

APFENDIXL TOETSEC6MB

ED Decision 2003/10/RM
Waypoint Storage. Add the following requirement tarpgraph 2.2.1.6 of RTCA D@4

If the equipment has an approach mode it shall store the complete sequence of waypoints for
a selected approach. The sequerof waypoints shall consist of at least the following:

initial approach fix

final approach fix

missed approach point

missed approach holding point

The receiver must be designed in such a manner that waypoint coordinate data entry will not
be possible whn the approach mode has been selected. Waypoint coordinates, GRI, triad and
TD correction factors may be included in the equipment data base or manually input as specified
in paragraphs 2.2.1.5 and 2.2.1.13.

Holding Pattern Manoeuvring. Add the falling requirement to the RTCA/DI®4:

The equipment shall provide the capability to proceed to a selected waypoint and hold on a
specified inbound course to the waypoint with repeated crossing of the selected waypoint.

Failure/Status Indications. Adtle following requirement to paragraph 2.2.1.10 of RTCA/DO
194: In the approach mode, the lack of adequate navigation signals or sources shall be
annunciated by means of a flag displayed on the primary navigation displether modes, an
appropriately bcated annunciator may be used to satisfy this requirement.

In lieu of the loss of signal and cycle slip requirements spdcgiaragraphs 2.2.1.10(b)(2)
and(3) of RTCA/DQ@94, substitute the following requirements:

(2) Loss of signalThe equipment shaldetect loss of signal within 30 seconds for en route
and terminal and 10 seconds for approach.

(3) Cycle slip The equipment shall detect or correct a cycle slip within 10 minutes with a
90% probability after occurrence for en route and terminal moderagion, and shall
present an alarm or correct a cycle slip within 10 seconds in the approach mode. In
addition if the equipment encounters a cycle slip for a station and is switched to approach
mode using that station for navigation, the equipment shalthin 10 seconds, present
an alarm or have that station back in proper track.

Table 2B, 2D RNAV Loran C equipment Accuracy Requirements and Total System Error
Evaluation. In lieu of the oceanic accuracy requirements specified in Tiblef RTCAO194,
substitute the following requirement:

] XTK
12.6 12.6
2.0 N/A
12.8 12.6

Envelopeto-Cycle Discrepancy (ECD) In lieu of paragraph 2.2.3.2 of RT-C84D€ibstitute
the following requirement:
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The equipment shall be able to properly acquire and track signals with an ECD e2.0 to
microseconds at sign#b-noise ratios from6 to-16 dB, and an ECD-@t4 to +3.5 microseconds
at signaito-noise ratios abovet dB.

(vii Table 26. Loran Signal Test Conditions. In lieu of Tabled RTCA/DQ94, substitute the
following requirement:

TABLE & LORAN SIGNAL TEST CONDITIONS

Test] Test | GRI Groundwave Noise CWI
- ECDn| ECDJECDY Scr

Dyn. 4990110 30 30 +35 0 -24
Rang
2 ECD 40 40 40 46 0 0 0
3 40 40 40 46 0O 24 0
4 40 40 40 56 0 24 -24
W Skywavi 40 40 40 56 35 46 0 0 0
6 40 40 40 56 375 50 0 0 0
7 40 40 40 56 40 50 0 0 0
8 40 40 40 56 425 55 0 0 0
9 btwn 40 40 40 56 45 60 0 0 0
7980
and
9990
10 40 40 40 56 50 60 0 0 0
11 40 40 40 56 55 65 0 0 0
12 40 40 40 56 35 46 24 24 -24
13 40 40 40 56 375 50 24 24 -24
14 40 40 40 56 40 50 24 24 -24
15 40 40 40 56 425 55 24 -24 -24
16 40 40 40 56 45 60 -24 -24 -24
17 40 40 40 56 50 60 -24 -24 -24
18 40 40 40 56 55 65 24 -24 -24
19 CWwI 60 60 60 60 0 0 0 88.0 80 763 80
20 60 60 60 60 0 0 0 11985 80 124 80
21 60 60 60 60 0 0 0 76.3 80 134 80
22 50 50 50 50 0 0 0 485 110 214 110
23 80 50 50 50 +15 -24 -24
24 CRI 3/ 7980110 50 0 40 0 -24 -24 110
25 4/ 7930 40 40 40 40 0 0 0 40
26 ECD 4990 30 110 30 30 24 +35 0
Definitions:

Sm, Sx, Sy Signal strength in dB microvolts per meter of the Master, X and Y stations

Sn Signal strength of atmospheric noise in dB microvolts per meter @esgpaph (a)(1)(vii
of TSO C60Db)
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Taw Skywave delay with respect to groundwave

Saw Signal strength of skywave in dB microvolts per meter

Scr Crosgate signal strength in dB microvolts per meter 3/

F1 Frequency of theth CW interferer

S1 Signal stength of the ith CW interferer in dB microvolts per meter

*  Skywave and signal strength are for secondary signhals only, zero for master.

** For cases 5 thru 18, the skywave delay is from the ground wave cycle zero crossing to the skywave
cycle zero crasng and the skywave ECD is equal to 0.

3/ Crosgate GRI = 9960 master

4/ Crossrate GRI = 7970 master and four secondaries

NOTES FOR TABLEE 2
(1) dB microvolts per meter equals dB above 1 microvolt per meter.

(2) The interference frequencies contain@d Table 26 are based upon the existing environment
at the time of publication. It is recognized that this environment could change over time,
including the possible need for more than four notch filters. The manufacturer may select
different/additionalinterference test frequencies (using the criteria of paragraph 2.2.3.3) if it is
shown that the sequences specified in Table &e inappropriate.

(vii) 2D Failure Indication. Add the following requirements to paragraph 2.5.2.6 of RTQA/DO
Demonstratethat the equipment displays appropriate warning annunciations whenever
accuracy or other status indication (blink, cycle slip, low SNR, loss of signal, etc.) requirements
applicable to the selected mode of operation cannot be assured. Test conditionsadgbplto
the particular equipment being evaluated, including limiting SNR and station geometry
considerations, shall be established by the equipment manufacturer to verify proper operation.
Should the equipment manufacturer establish an operating SNRrldvea-16 dB, the nos
signal level (Sn) of Table2test cases 4 thru 18, shall be increased to obtain the selected lower
SNR level for all tests using these cases.

(vii) Acquisition Under Combined Conditionsn lieu of paragraph 2.5.2.7 ofRTCA/D€194,
substitute the following requirement:

The capabilities identified in paragraphs 2.2.3.1 through 2.2.3.5 shall be demonstrated by
subjecting the equipment to the following test.

Establish each of the conditions of Tabl® Zor a simulated chain of a aster and two
secondaries. For each of these conditions have the equipment acquire the signal 10 times. For
Tests Nos. 5 thru 23, acquisition on the proper cycle shall be achieved within 450 seconds in 9
out of 10 trials and within 600 seconds in 10 outl6ftrials. For Test Nos. 1 thru 4 and 24 thru

26, acquisition on the proper cycle shall be achieved in 10 of 10 trials within 450 seconds.

Proper acquisition may be determined by observing TD values or Lat/Long output displayed by
the equipment, and is ewidered successful if the signal is correctly acquired within the
specified time period. Acquisition on the incorrect cycle is considered a failure.

If the equipment uses previous position data as an aid in acquisition, at least 50% of the
acquisition tess shall be accomplished without the benefit of this data.
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(ix)

Cycle Slip. In lieu of paragraph 2.5.2.12 of RTCA®IQsubstitute the following requirement:
Establish the conditions of Tablé2test cases 4 thru 23, with the en route mode selected and
simulated chain of a master and two secondaries. Raise the noise level 20 dB for 10 seconds and
during this same interval also change one of the TDs by £ 10 microseconds. Observe that within
10 minutes there is an alarm or that the 10 microsecond trackingr has been corrected. The

TD change shall be accomplished by altering the TD + 10 microseconds 5 time)and
microseconds 5 times for each test case for a total of 200 trials. The test must be successful
(result in an alarm or correction of the emdn at least 9 of 10 trials for each test case with no
more than 5 failures overall.

Establish the conditions of Table6Zest cases 4, 5, 17 and 23 with the enroute mode selected
and a simulated chain of a master and two secondaries. Turn off onedsgosignal for 10
seconds and during the same interval change that secondary TD by £10 microseconds. Observe
that within 10 minutes there is either an alarm or that the 10 microseconds tracking error has
been corrected. The TD change shall be accomplislyealtering the TD + 10 microseconds 5
times and-10 microseconds 5 times for each test case, for a total of 40 trials. The test must be
successful (result in an alarm or correction of the error) in at least 39 of the 40 trials.

Set up the equipment asditated in Figure-3, accelerate one secondary station signal while
maintaining a known reference. Set the following conditions:

GRI = 7980

D = 28 417 microseconds

m = 11 128 microseconds

SNR = The lower of-14 dB or 2 dB above any lower operat®igR established by tr

equipment manufacturer

Using the signal test conditions of Tablé 2est case 4, with Sn adjusted to establish the
required SNR, accelerate TD2 at 0.0567 microsecond/second/second or more until TD2=11.133
microseconds then decedate at the same rate until TD2 = 11,138 microseconds.After zero
velocity is reached wait 10 minutes. Observe that the signal is being tracked on the proper cycle
or that there is an alarm.Repeat this procedure with TD2 values decreasing to 11,118
microseconds using the same method. Repeat this test a sufficient number of times to establish
its success (result in an alarm or correction of the error) 90% of the time with a 95% confidence
level. A 95% confidence level can be achieved by conducting 3qQeaals 10 microsecond TD
variation constitutes a trial) with zero failures, 48 trials with 1 failure, 63 trials with 2 failures
etc. If the equipment has an approach mode:

Establish the conditions of TablesZest cases 1, 2 and 23 with a simulated chia master

and two secondaries. Raise the noise level 35 dB for 10 seconds and during this interval also
change one of the TDs by + 10 microseconds. Wait five minutes. Switch to approach mode.
Observe that within 10 seconds there is either an alarm or that10 microsecond tracking

error has been corrected. The TD change shall be accomplished by altering the TD + 10
microseconds 10 times antl0 microseconds 10 times for each test case for a total of 60 trials.
All trials must be successful.

Establish theconditions of Table-B test cases 1 and 2 with a simulated chain of a master and
two secondaries. Turn off one secondary signal for 10 seconds and during the same interval
change that secondary TD by + 10 microseconds. Wait 5 minutes. Switch to approdeh
Observe that within 10 seconds there is either an alarm or that the 10 microsecond tracking
error has been corrected. The TD change shall be accomplished by altering the TD + 10
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microseconds 10 times an@l0 microseconds 10 times for each test cdsea total of 40 trials.
All trials must be successful

Establish the conditions of Table52test cases 1, 2 and 23 with the approach mode selected
and simulated chain of a master and two secondaries. Raise the noise level 35 dB for 10 seconds
and duringthis interval also change one of the TDs by + 10 microseconds. Observe that within
10 seconds there is either an alarm or that the 10 microsecond tracking error has been
corrected. The TD change shall be accomplished by altering the TD + 10 micros@domés 1

and -10 microseconds 10 times for each test case for a total of 60 trials. All trials must be
successful.

Atmospheric Noises Model. In demonstrating compliance with this TSO, the following model
may be used to simulate atmospheric noise. Theliapnt may select a different model
provided adequate substantiation is submitted to establish validity of the selected model.

Atmospheric noise is basically composed of two components, one a very weak component
which has a Gaussian distribution. Thistfecomponent may be simulated as follows: Simulated
random noise (Gaussian) will be considered to have a uniform power spectral density prior to
filtering. After filtering by a single resonatoq filter having a center frequency of 100 kHz and

a 3 dB badwidth of 30 kHz, the noise level is the voltage generated acrossoarb(resistive

load measured on a true rms voltmeter; this noise level is defined as the rms noise level,
denoted by X. This component is taken as 15.85% of the total noise power. ma@ire
84.15% of the noise power is composed of the second component. This second component is
simulated by pulses of 100 kHz, 30 microseconds wide, the rms value of which is A times X. The
average number of pulses per second (P) is nominally 50 and tiesrange 480. The pulses

(tone bursts) are randomly distributed (Poisson) in time. The linear addition of these two
components is the simulated atmospheric noise with level N.

(1) N2=total noise power =X + (30 x 10) PAX

(2) Since (30 x 1) PA = 84.15=5.309
15.85

Using P = 50 pps and solving (2)

for A gives A =59.5

N? = total noise power

X = rms value of Gaussian noise

A = relative amplitude of 100 kHz pulse
P = number of pulses per second

Signal strength in dB microvolts pereter referenced in Table-@ and elsewhere shall be
converted to voltages at the space coupling node of Figuteb® multiplying by the effective
electrical height (in meters) of the simulated antenna. Atmospheric noise in dB microvolts per
meter, Sn, isonverted to voltage by the expression

"YEU € G0 0
Set this value equal to the total noise powee, I the atmospheric noise model and solve

equation (1) for X. The result is the desired rms valuGaifissian noise measured across the
50- ohm resistive load.

Powered by EASA eRules Pagell13of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC60L

MO @

30 us

AWANA
IVARVARY.

100 kHz Tone Burst
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ETSAC62d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Aircraft Tyres
1 Applicability

This ETSO gives the requirements which tyres excluding &&lwyres that are manufactured
on or after the date of this ETSO must meet in order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpat A.
2.2 Specific
None.
3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the attachedppendix ¥ a CSRSNI f | @Al GA2Yy
{GFYRIFENR FT2NJ ! ANONaIrA1090¢ @ NBaa RIGSR { SLI¢

3.1.2 Environmental Standard
As stated in the Federal Aviation Administration Standard.

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General

In lieu of the marking requirements of €3 SCsubpart Aparagraph 1.2, a tyre must be
legibly and permanently marked at least with the following:

(1) Brand name or registered trademark of the manufacturer responsible for
compliance.

(2) Speed rating, load rating, size, skid depth, serial nuni®ér,i S Y y dzF I Ol dzNB
number and plant code, and nonretreadable, if appropriate.

(3) Applicable ETSO number.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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APPERIDIX1 TOETSEC62D ¢ FEDERAAVIATIONADMINISTRATIOSTANDARD

FORAIRCRAFTIRES DATEEEPTEMBER, 1990

ED Decision 2003/10/RM

1.0 Purpose. This document contains minimum performance standards for new and requalified
aircraft tires, excluding tailwheétes, that are to be identified as meeting the standards of -TSO

c62d.

2.0 Scope. These minimum performance standards apply to aircraft tires having speed and load
ratings that are established on the basis of the speeds and loads to which the tires l@ve be
tested.

3.0 Material requirement. Materials must be suitable for the purpose intended. The suitability of
the materials must be determined on the basis of satisfactory service experience or
substantiating dynamometer tests.

4.0 Design and construction.

4.1 Unbalance. The moment (M) of static unbalance in4{oghces may not be greater than
the value determined using the formula, moment (M) = 0.025DBunded off to the next
lower whole number: where D = maximum outside diameter of the tire in inches.

4.2 Balance marker. A balance marker, consisting of a red dot, must be affixed on the sidewall
of the tire immediately above the bead to indicate the lightweight point of the tire. The
dot must remain for any period of storage plus the original tread litheftire.

4.3 Overpressure. The tire shall withstand for at least 3 seconds a pressure of at least 4.0
times the rated inflation pressure (as specified in paragraph 5.2) at ambient temperature.

4.4 Temperature.

4.4.1 Ambient. It shall be substantiated bpglicable tests or shown by analysis that the
physical properties of the tire materials have not been degraded by exposure of
the tire to the temperature extremes of not higher tha40°F and not lower than
+160°F for a period of not less than 24 hourgath extreme.

4.4.2 Wheel rim heat. It must be substantiated by the applicable tests or shown by
analysis that the physical properties of the tire materials have not been degraded
by exposure of the tire to a wheekad seat temperature of not lower thar®@°F
for atleast 1 hour, except that logpeed tires or nosaheel tires may be tested
or analyzed at the highest whebéad seat temperatures expected to be
encountered during normal operations.

4.5 Tread design. Moved. (See paragraph 7.0)

4.6 SlippageA tire tested in accordance with the dynamometer tests provided in paragraph
6.0 may not slip on the wheel rim during the first five dynamometer cycles. Slippage that
subsequently occurs may neither damage the gas seal of the tyre bead of a tubeless tire
nor otherwise damage the tube or valve.

4.7 Leakage. After an initial #2our minimum stabilization period, the tire must be capable
of retaining inflation pressure with a loss of pressure not exceeding 5 percent in 24 hours
from the initial pressure equab the rated inflation pressure.

5.0 Ratings.

5.1 Load ratings. The load ratings of tyres shall be established. The applicable dynamometer

tests in paragraph 6.0 must be performed at the selected rated load.
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6.0

5.2

5.3

5.1.1 Load rating (helicopter tires). Airplaneds qualified in accordance with provisions
of this standard may also be used on helicopters. In such cases, the maximum static
load rating may be increased by 1.5 with a corresponding increase in rated inflation
pressure without any additional qualifidah testing.

Rated inflation pressure. The rated inflation pressure shall be established at an identified
ambient temperature on the basis of the rated load as established under paragraph 5.1.

Loaded radius. The loaded radius is defined as thamligt from the axle centerline toa

flat surface for a tire initially inflated to the rated inflation pressure and then loaded to
its rated load against the flat surface. The nominal loaded radius, the allowable tolerance
on the nominal loaded radius, andheé actual loaded radius for the test tire shall be
identified.

Dynamometer test requirements. The tyre may not fail the applicable dynamometer tests
specified herein or have any signs of structural deterioration other than normal expected tread
wear exept as provided in paragraph 6.3.3.3.

6.1

6.2

General. The following conditions apply to both fepeed and higispeed tires when
these tires are subjected to the applicable dynamometer tests:

6.1.1 Tire testload. Unless otherwise specified herein for aipaldr test, the tire must
be forced against the dynamometer flywheel at not less than the rated load of the
tire during the entire roll distance of the test.

6.1.2 Test inflation pressure. The test inflation pressure must be the pressure required
at an icentified ambient temperature to obtain the same loaded radius against the
flywheel of the dynamometer at the loaded radius for a flat surface as defined in
paragraph 5.3. Adjustments to the test inflation pressure may not be made to
compensate for increasecreated by temperature rises occurring during the tests.

6.1.3 Test specimen. A single tire specimen must be used in the applicable dynamometer
tests specified herein.

Lowspeed tire. A tire operating at ground speeds of 120 mph or less must with2Gh
landing cycles on a dynamometer at the following test temperature and kinetic energy
and using either test method A or test method B.

6.2.1 Test temperature. The temperature of the gas contained in the tire or of the
carcass measured at the hottespipt of the tire may not be lower than 105°F at
the start of at least 90 percent of the test cycles. For the remaining 10 percent of
the test cycles, the contained gas or carcass temperature may not be lower than
80°F at the start of each cycle. Rolling tiire on the flywheel is acceptable for
obtaining the minimum starting temperature.

6.2.2 Kinetic energy. The kinetic energy of the flywheel to be absorbed by the tire must
be calculated as follows:

K.E.= CWAE 162.7W = Kinetic energy in fgobunds.

where:
C =0.0113,
W = Load rating of the tire in pounds, and \20 mph.
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6.2.3 Test method A- variable mass flywheel. The total number of dynamometer
landings must be divided into two equal parts having speed ranges shown below.
If the exact number oflywheel plates cannot be used to obtain the calculated
kinetic energy value or proper flywheel width, a greater number of plates must be
selected and the dynamometer speed adjusted to obtain the required kinetic
energy.

6.2.3.1 Lowspeed landings. In thérst series of 100 landings, the maximum
landing speed is 90 mph and the minimum unlanding speed is 0 mph. The
landing speed must be adjusted so that 56 percent of the kinetic energy
calculated under paragraph 6.2.2 will be absorbed by the tire. If thestatl
landing speed is calculated to be less than 80 mph, the following must be
done: the landing speed must be determined by adding 28 percent of the
kinetic energy calculated under paragraph 6.2.2 to the flywheel kinetic
energy at 64 mph, and the unlaing speed must be determined by
subtracting 28 percent of the kinetic energy calculated under paragraph
6.2.2 from the flywheel kinetic energy at 64 mph.

6.2.3.2 Higkspeed landings. In the second series of 100 landings, the minimum
landing speed is 120 rhpand the nominal unlanding speed is 90 mph. The
unlanding speed must be adjusted as necessary so that 44 percent of the
kinetic energy calculated under paragraph 6.2.2 will be absorbed by the tire.

6.2.4 Test method B fixed mass flywheel. The total numibof dynamometer landings
must be divided into two equal parts having speed ranges indicated below. Each
landing must be made in a time period, T, calculated so that the tire will absorb the
kinetic energy determined under paragraph 6.2.2. The time peringst be
calculated using the equation:

Y v O v O v O v O
~ ~ ~ v

For the 90 mph to 0 mph test, the equation reduces to:

. VIN©)
Y TO v O
~ ~
Where:
Tc =Calculated time, in seconds, for the tyre to absorb the required kinetic
energy.

KE = Kinetic energy, in foot pounds, the tyre is required to absorb during each
landing cycle.

KE, = Kinetic energy,n foot pounds, of the flywheel at given speed.
T. = Coast down time, in seconds, with rated tyre load on flywheel.
T, = Coast down time, in seconds, with no tyre load on flywheel.

(UL) =Subscript for upper speed limit.
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(LL) =Subscript for lower speelimit.

6.2.4.1 Lowspeed landings. In the first series of 100 landings, the tire must be
landed against the flywheel with the flywheel having a peripheral speed of
not less than 90 mph. The flywheel deceleration must be constant from 90
mph to 0 mph in theime Tc.

6.2.4.2 Higkspeed landings. In the second series of 100 landings, the tire must be
landed against the flywheel with the flywheel having a peripheral speed of
not less than 120 mph. The flywheel deceleration must be constant from 120
mph to 90 mgh in the time Tc.

6.3 Highspeedtire. Except as provided in the alternate test, a tire operating at ground speeds
greater than 120 mph must be tested on a dynamometer in accordance with paragraph
6.3.3. The curves to be used as a basis for these tedtdshastablished in accordance
with paragraph 6.3.3.2. The load at the start of each test must be equal to the rated load
of the tire. Alternate tests involving a landing sequence for a tire operating at ground
speeds greater than 120 mph and not over bgph are set forth in paragraph 6.3.4.

6.3.1 Test temperature. The temperature of the gas contained in the tire or of the
carcass measured at the hottest point of the tire may not be lower than 120°F at
the start of at least 90 percent of the test cyclegsified in paragraph 6.3.3.4 and
at least 105°F at the start of the overload test (6.3.3.3) and of at least 90 percent
of the test cycles specified in paragraphs 6.3.3.2 and 6.3.4. For the remaining 10
percent of each group of cycles, the contained gasascass temperature may not
be lower than 80°F at the start of each cycle. Rolling the tire on the dynamometer
is acceptable for obtaining the minimum starting temperature.

6.3.2 Dynamometer test speeds. Applicable dynamometer test speeds for
correspondilg maximum ground speeds are as follows:

Maximum Ground Speed . . o
of Aircraft, mph Speed Rating of Tlre
(P e e
160 160

120 160

160 190 190 190
190 210 210 210
210 225 225 225
225 235 235 235
235 245 245 245

For ground speeds over 245 mph, the tire must be tested to the maximun
applicable loagspeedtime requirements and appropriately identified with the
proper speed rating.

6.3.3 Dynamometer cycles. The test tire must withstand 50 taKecycles, 1 owdoad
take-off cycle, and 10 taxi cycles described below. The sequence of the cycles is
optional.

6.3.3.1 Symbol definitions. The numerical values which are used for the following
symbols must be determined from the applicable aircraft lspdedtime
data:

L, = Tire load at start of takeff, pounds (not less than rated load).
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L, = Tire load at rotation, pounds.

L, = Zerotyre load (lifioff).

RD = Roll distance, feet.

S = Zerotyre speed.

S = Tire speed at rotation, mph.

S = Tire speed at liftoffmph (not less than speed rating).
To = Start of takeoff.

T, = Time to rotation, seconds.

T, = Time to liftoff, seconds.

6.3.3.2 Takeoff cycles. For these cycles the loads, speeds, and distance must
conform to either Figure 1 or Figure 2. Figure firdss a test cycle that is
generally applicable to any aircraft. If Figure 2 is used to define the test cycle,
the loads, speeds, and distance must be selected based on the most critical
takeoff conditions established by the applicant.

6.3.3.3 Overload tadoff cycle. The cycle must duplicate the takeoff cycles specified
under paragraph 6.3.3.2 except that the tire load through the cycle must be
increased by a factor of at least 1.5. Upon completion of the overload takeoff
cycle, the tire must be capable #taining inflation pressure with the loss
of pressure not exceeding 10 percent in 24 hours from the initial test
pressure. Good condition of the tire tread is not required after completion
of this test cycle.

6.3.3.4 Taxi cycles. The tire must withstantl least 10 taxi cycles on a
dynamometer under the following test conditions:

Number of Testf] Minimum Tire Load] Minimum Speed] Minimum Roll
Cycles 1bs. mph Distance, ft.
Rated load. 35,000
2 1.2 times rated loac 40 35,000

6.3.4 Alternative dynamorater tests. For a tire with a speed rating of 160 mph, test
cycles which simulate landing may be used in lieu of the-tdikeycles specified in
paragraphs 6.3.3.2 and 6.3.3.3. The tire must withstand 100 test cycles at rated
load in accordance with paragph 6.3.4.1 followed by 100 test cycles at rated load
in accordance with paragraph 6.3.4.2.

6.3.4.1 Lowspeed landings. In the first series of 100 landings, the test procedures
for low-speed landings established under paragraph 6.2.3 or 6.2.4, as
appropriate, must be followed.

6.3.4.2 Higkspeed landings. In the second series of 100 landings, the test
procedures for lowspeed landings established under paragraph 6.2.3 or
6.2.4, as appropriate, must be followed, except that the tire must be landed
against he flywheel rotating at a speed of 160 mph with the rated load
applied for the duration of the test. The unlanding speed must be adjusted
as necessary so that 44 percent of the kinetic energy, as calculated in
paragraph 6.2.2, is absorbed by the tire dgriine series of tests.
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7.0 Requalification tests. A tire shall be requalified unless itis shown that changesin materials, tire
design, or manufacturing processes could not affect performance. Changes in materials, tire
design, or manufacturing processt affect performance or changes in number or location
of tread ribs and grooves or increases in skid depth, made subsequent to the tire qualification,
must be substantiated by dynamometer tests in accordance with paragraph 6.0. Requalification
in accor@nce with paragraph 6.0 of a given load rated tire required as a result of a tread design
or material change will automatically qualify the same changes in a lesser load rated tire of the
same size, speed rating, and skid depth provided

7.1 The lesser lad rated tire has been qualified to the applicable requirements specified in
this standard; and

7.2 The ratio of qualification testing load to rated load for the lesser load rated tire does not
exceed the same ratio for the higher load rated tire at amggitest condition.

FIGURE 1
GRAPHIC REPRESENTATION OF A UNIVERSAIPEEBDIIME TEST CYCLE
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ETSAC64a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Oxygen Mask Assemhbl¥Zontinuous Flow, Passenger
1 Applicability

This ETSO gives the requirements which new models of oxygen mask, continuous flow,
passenger, that is manufactured on or after the date of this ETSO must meet in order to be
identified with the applicable ETSCarking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3-  Technical Conditions
3.1- Minimum Performance Standard

Standards set forth in the Society of Autotive Engineers (SAE), Inc, Document .
I'SNRALI OS {UFYRINR oO0!'{0 y2 !'{ ynHpZXZ atl aas

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraphl.2.
4.2 Specific

The markings for each mask must, in addition to the requirement in tHeESCSubpartA
be marked with the performance classification number as specified in SAEAS 8025
Paragraph 2.3.

5 Availability of Referenced Document
See GETSCubpart Aparagraph 3.
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ETSAC65a

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Airborne Doppler Radar Ground Speed and/or Drift Angle Measuring Equipment (for Air
Carier Aircraft)

1 Applicability

This ETSO gives the requirements which airborne doppler radar ground speed and/or drift angle
measuring equipment that is manufactured on or after the date of this ETSO must meet in order
to be identified with the applicablETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in EUR®E document MPS/WG7CT4 (RTCA D@B8), as
amended and supplemented by this ETSO:

In addition to paragraph 1.0, General Standards, of RTCFeB(all materials used
except small parts (such as knobs, fasteners, seals, grommets and small electrical
parts)that would not contribute significantly to the propagation of a fire, must be
selfextinguishing when tested in accordance with applicable requirements of
CS25 Appendix F.

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGsubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC68a

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Airborne Automatic Dead Reckoning ComputEquipment Utilizing Aircraft Heading and

Doppler Ground Speed and Drift Angle Data (for Air Carrier Aircraft)

1 Applicability

This ETSO gives the requirements which airborne automatic dead reckoning computer
equipment utilizing aircraft heading and dopplground speed and drift angle data that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures

2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set fortrl in EURQCAE doc,umept MPSA/VVG{ZlC/@ateAd @ugust 1974,
a! AND2NYyS !dzi2YFUAO 5SIR wSOYAwdl/ 3 /2 Y
I SIFRAY3 YR 52LJIJ SNJI houl AyYSR £Sft 20A0¢€
In addition to Chapter 4 of EUROCAE document MPS/W&AC/Ell materials
used except small parts (such as knobs, fasteners, seals, grommets and small
electrical parts) that would not contribatsignificantly to the propagation of a fire,
must be seHextinguishing when tested in accordance with applicable
requirements of CS 25 Appendix F.
3.1.2 Environmental Standard
See CETSGubpart Aparagraph 21.
3.1.3 Computer Software
See CETSGsubpart Aparagraph 2.2.
3.2 Specific
None
4 Marking
4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Spedic
None.
5 Availability of Referenced Document

See GETSCBubpart Aparagraph 3.
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ETSAC69C

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Emergency Evacuation Slides, Ramps, Ramp/Slides and Slide/Rafts
Applicability

This ETSO gives the requirements that new models of emergency evacuation slides, ramps,
ramp/slides, and slide/rafts that are manufactured on or after the date of this ETSO must meet
in order to be identified with applicable ETSO marking.

Type | Inflatable Slide
Type It Inflatable Slide/Raft
Type I Inflatable Exit Ramp
Type IV¥Inflatable Exit Ramp/Slide
Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Speciic
None.
Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth il\ppendix 1 Federal Aviation Administration Standards for
emergency evacuation slides, ramps, ramp/slides, and/gitts, as amended and
supplemented by this ETSO.

Where applicable, instead of the referenced FAA documents/paragraph the
corresponding IR, CS or ETSO document/paragraph shall be used, when available.

3.1.2 Environmental Standard
See C&ETSGBubpart Aparagraph 2.1.
3.1.3 Computer Software
None.
3.2 Specific
None
Marking
4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific

The component ab must be marked with the applicable emergency evacuation device
type: "Type |, Type I, Type Ill, or Type IV." Type Il devices shall also be marked with the
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rated and overload capacities and the weight of the device including any accessories
required bythis ETSO.

5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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APPENDIX TOETSEBC6TC FEDERAAVIATIONADMINISTRATIOMINIMUM

PERFORMANCE®E ANDARD FORBMERGENCHVACUATIONB.IDESRAMPS

RAMP/SLIDESANDS IDERAFTS

ED Decision 2003/10/RM

Note: Any reference made to US standards, regulations and organisations are for information purpose only

and may be replaced, if applicable, by the European equivalent when acceptable to the Agency.

Purpose. This standard provides the minimum performance standards for inflatable emergency
evacuation slides, overwing exit ramps, ramp/slides, and slide/rafts. However, the deployment
and erection characteristics for these devices, as installed on theadtirare specified in Title

14 of the Code of Federal Regulations (14 CFR) § 25.810 and must be complied with along with
the requirements in this TSO.

Scope. This performance standard provides for the following types of emergency evacuation
devices:

Type |- Inflatable slide suitable for assisting occupants in descending from aldieelr aircraft
exit or from an aircraft wing.

Type Ik Inflatable slide also designed to be used as a life raft, i.e. a slide/raft.

Type I} Inflatable exit ramp suitak for assisting occupants in descending to an aircraft wing
from certain overwing exits.

Type I+ Combination inflatable exit ramp and witg-ground slide.

Further definitions of terms used in this TSO are givappendix 2

3.

Materials. The materials used must be of a quality, which experience and/or tests have
demonstrated to be suitable for use in emergency evacuation slides, ramps, ramp/slides and
slide/rafts, i.e. emergency evacuation devices.

3.1 Nonmetalic Materials.

3.1.1 The finished device must be clean and free from any defects that might affect its
function.

3.1.2 Coated fabrics and other items, such as webbing, which are subject to
deterioration must have been manufactured not more than 18 monttisro the
date of manufacture of the finished product. However, these materials may-be re
qualified for an additional 18 months if they pass the requirements of paragraph
5.1 of this appendix.

3.1.3 The materials must not support fungus growth.

3.1.4 Materials used in the construction of flotation chambers and decks for Type I
devices must be capable of withstanding the detrimental effects of exposure to
fuels, oils, hydraulic fluids, and sea water.

3.1.5 Coated Fabric. Coated fabrics, including searhi;ware subject to deterioration
and used in the manufacture of the devices, must retain at least 90 percent of their
original physical properties after these fabrics have been subjected to the
accelerated aging test specified in paragraph 5.1 of thieagg.

3.1.5.1 Strength. Coated fabrics used for these applications must conform to the
following minimum strengths after aging:
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Tensile Strength (Grab Test)

Warp 190 pounds/inch
Fill 190 poundsfinch

Tear Strength (Trapezoid Test or Tongue Test)

Non walkng/sliding surface: 13 x 13 pounds/inch (minimum)
Walking/Sliding surface: 50 x 50 pounds/inch (minimum)

Puncture Strength

Walking/Sliding surface: 67 pounds force

3.1.5.2 Adhesion. In addition to the strength requirements of paragraph 3.1.5.1

above, cated fabrics must meet the following minimum strengths after
aging:

Ply Adhesion

5 pounds/inch width at 70 + 2 degrees F ata separationrate of 2.0t0 2.5
inches/minute

Coat Adhesion

5 pounds/inch width at 70 + 2 degrees F at a separation rate of 26to
inches/minute

3.1.5.3 Permeability. For coated fabrics used in the manufacture of inflation

chambers, the maximum permeability to helium may not exceed 10 liters
per square meter in 24 hours at 77 degrees F, or its equivalent using
hydrogen, using eliter of the permeability test methods specified in
paragraph 5.1 of this appendix. The permeameter must be calibrated for the
gas used. In lieu of either of these permeability tests, an alternate test may
be used provided the alternate test has been appibas an equivalent to
this permeability test by the manager of the FAA office having purview of
the manufacturer's facilities, as required in paragraphs 3b, Deviations and
5a, Application Data, of this TSO.

3.1.5.4 Hydrolysis. Pressure holding coated fafrincluding seams, must be

shown to be resistant to hydrolysis. It must be shown by tests specified in
paragraph 5.1 of this appendix that the porosity of the basic pressure holding
material is not increased as a result of the material being subjected to
hydrolysis conditioning. Seam strength and coat adhesion must not be
reduced more than 20 percent and still must not fall below the minimums
prescribed in paragraphs 3.1.5.2 and 3.1.6 of this appendix as a result of
hydrolysis conditioning.

3.1.6 Seam Sength and Adhesives. Seams used in the manufacture of the device must
meet the following minimum strength requirements:

Shear Strength (Grab Test)

175 pounds/inch width at 75 degrees F
40 pounds/inchwidthat 140 degrees F

Peel Strength (Peel Test)
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3.2

3.3

5 pownds/inch width at 70 degrees F

3.1.7 Seam Tape. If tape is used for seam reinforcement or abrasion protection of seams
or both, the fabric used for the seam tape must have a minimum breaking strength
(Grab Test) of 40 pounds/inch width in both the warpdiil directions. When
applied to the seam area, the adhesion strength characteristics must meet the
seam strength requirements in paragraph 3.1.6 above.

3.1.8 Canopy. Fabrics used for this purpose on Type Il slide/rafts must be waterproof and
resistant b sun penetration, must not affect the potability of collected water, and
must meet the following minimum requirements in the applicable tests prescribed
in paragraph 5.1 of this appendix, except that in lieu of meeting the tensile strength
requirements, dabricated canopy erected on the device may be demonstrated to
withstand sustained wind velocities of 35 knots anekbdt gusts:

Tensile Strength (Grab Test)

Warp 75 pounds/inch
Fill 75 pounds/inch

Tear Strength (Tongue or Trapezoid Test)
4 x 4 poundshch

Coat Adhesion of Coated Fabrics

3.5 pounds/inch width at 70+2 degrees F at a separation rate of 2.0 to 2.5 inches/minute

3.1.9 Flammability. The device (including carrying case or stowage container) must be
constructed of materials which comply witthe requirements of 14 CFR §
25.853(a), Appendix F, part | (a)(2)(ii) in effect on March 6, 1995.

3.1.10Radiant Heat Resistance. The pressure holding materials in the device must meet
the 90-second minimum time to failure requirement and the 18€condaverage
time to failure requirement of the radiant heat resistance test specified in
paragraph 5.3 of this appendix.

3.1.11Molded Nonmetallic Fittings. Molded nonmetallic fittings must retain their
physical characteristics when subjected to temperatwe$5 to +160 degrees F.

Metallic Parts. All metallic parts must be made of corrosesistant material or must be
suitably protected against corrosion.

Protection. All inflation chambers and load carrying fabrics must be protected in such
mannerthat nonfabric parts do not cause chafing or abrasion of the material in either
the packed or the inflated condition.

4.  Detail Requirements.

4.1

4.2

Operation. The operation of the device must be simple enough so that brief, easily
understood, posted instretions can be followed by the user.

Function. The device, including its inflation system, must be demonstrated to be capable
of fully functioning when subjected to temperatures frod0 to +160 degrees F. If the
device is intended for installation outle the pressurized cabin, the device must be
capable of functioning after being stowed &6 degrees F. The function of the device
must be demonstrated in accordance with the hot and cold soak test procedures
described in paragraph 5.9 of this appendix.

Powered by EASA eRules Pagel300f 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC69¢

4.3

4.4

4.5

4.6

4.7

4.8

4.9

Strength.

4.3.1 Beam StrengtiType |, Il, & IV Devices. The structural integrity of the device during
and after the dynamic challenge of multiple sand bag loading of the device (to
simulate loading by three, tightlgunched evacuees entering each lagiethe
device) must be shown by test to be adequate, as described in paragraph 5.5 of
this appendix.

4.3.2 Attachment Means Strength. The means by which the device is attached to the
aircraft, typically the girt, must not fail and must remain intact andtadly
attached to both the aircraft and the device during and after the severe loading
tests simulating normal evacuation. The device must withstand the static tensile
load tests defined in this appendix in paragraphs 5.6, for girts, or 5.7, fegintmn
and 5.8, as appropriate, for evacuees inadvertently entering pontoon areas.
Separate girt specimens may be used in the two tests required in paragraph 5.6 of
this appendix.

Elimination of Static. The device and its fastening must be so constructedstidtic
electricity will not be generated in sufficient quantity to cause a spark which would create
a hazard if there is any fuel spillage nearby.

Damage Resistance and Usage.

4.5.1 The device must be capable of resisting puncture and tear of tdegland
walking surfaces and supporting structure from objects normally carried or worn
by passengers that could result in collapse of the device, prevent the device from
performing its intended function, or both.

4.5.2 Type |, Il & IV devices must beamstructed as to permit their use with ground
personnel assistance as a noninflatable device in the event of puncture or tear
which may render the device incapable of holding air and sustaining inflation.

4.5.3 If the device is of a multiplmflatable @mpartment construction, loss of any one
of these compartments must not render the device totally unusable.

Length. Type , Il & IV devices must be of such length after full deployment that the lower
end is selsupporting on the ground. The device myxrovide safe evacuation of
occupants to the ground when the aircraft is on the ground with the landing gear
extended and after collapse of one or more legs of the landing gear.

Elimination of Encumbrances. Encumbrances which might be grabbed byeeganust
be kept to a minimum consistent with good design for maximum operational efficiency.

Hardware and Attaching Means Strength. All hardware, webbing and straps used to
attach the device to the aircraft and all straps, grips, and handholds notiassd with
attachment to the aircraft must have a strength not less than 1.5 times the highest design
load imposed in showing compliance with the strength requirements of paragraph 4.3 of
this appendix and for Type Il devices, in establishing the ragpedaity under paragraph
4.26.1 of this appendix.

Use as Rentry Device. If the device is designed with provisions for use as a means of re
entering the aircraft, these additional provisions must not interfere with the use of the
device for evacuation.

4.10 Evacuation Rate.
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4.10.1The device must be shown, by tests conducted under the conditions described in
paragraph 5.4.1 of this appendix, to be capable of safely accommodating evacuees
at a rate of at least 70 evacuees per minute per lane. The eesaunest exit the
device without assistance.

4.10.2Evacuation capability under the test conditions shown in paragraph 5.4.3 of this
appendix must be demonstrated in order to confirm the acceptability of the device
FYR AGQa | yRk2NJ Gdmbrgehci ByBtiGoisysiers Rr useAblNLJ | v S
evacuees under darif-night conditions. An evacuation rate based upon the rating
of the exit (see paragraph 5.4.3.10 of this appendix) to which the device will be
attached must be achieved. A detailed test plan to trbese requirements should
be submitted at least 60 days prior to the test to the FAA aircraft certification office
having purview of the manufacturer's facilities. The test plan shall include, but not
be limited to, the test protocol, a description ofdhest facilities, a description of
the measurement and recording equipment and procedures, and the safety
provisions for protecting test participants. The test plan must be approved by the
manager of that FAA office prior to conduct of the test.

4.11 Inflation.

4.11.1The device must be demonstrated to meet the applicable automatic inflation
requirements of 14 CFR § 25.810 (a)(1)(ii), (b), and/or (d)(4). See paragraph 4.12
below.

4.11.2The device shall be designed to prevent its inflation out of prepeuence.

4.11.3A manual means of actuating inflation must be provided. The manual means of
actuation of the inflation system may be mechanical or electrical. However, the
manual inflation actuating means must be neither visible nor presented for use
until the device has been deployed. If the means is not an integral part of the
device, details of its connection must be included in the installation limitations
required in paragraph 5a, Application Data.

4.12 Inflation Time.

4.12.1Type | floodevel exitslides and Type 11l devices must be fully erected in 6 seconds
after actuation of the inflation controls has begun.

4.12.2Type Il devices must meet the requirements in paragraph 4.12.1 above and, if
there are actions required to convert usage from sldede to raft mode, the time
required to complete those actions must not exceed 10 seconds after actuation of
the conversion means.

4.12.3Type IV devices and Type | wiogground slides must be automatically erected in
not more than 10 seconds after agttion of the inflation controls.

4.13 Device Length Extensions.

4.13.1The device extension must be capable of being inflated at any time after inflation
of the basic device has been initiated. The time required to complete extension of
the device must at exceed 4 seconds beyond the time required to inflate the basic
device.

4.13.2nflation of the extension must be initiated by separate controls from those for the
basic device. The controls must be clearly identified and must be located separately
from the manual inflation actuation controls to minimize the possibility of
inadvertent actuation.
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4.13.3The junction of the basic device and the extension must not impede evacuation.

4.14 Manual Inflation Actuation Controls.

4.14 . Unflation controls mustbe equipped with a rigid cross member as an actuation
handle. The handle must be red in color, marked with the word "PULL" (or other
appropriate instruction) in high visibility reflective letters at least-ki2h high and
of a contrasting color. In addin, there must be a placard with the words "PULL
TO INFLATE" (or other appropriate instruction) located as close to the handle as
possible.

4.14.2When the inflation actuation controls are exposed for use, they must be visible to
an aircraft occupant, stading at the doorsill, under the minimum emergency
lighting conditions specified in 14 CFR § 25.812 in effect at the time of application.

4.14.3Unless a rational analysis is provided to locate them elsewhere, or if there is no
girt attachment, inflatioractuation controls must be on the right side of the girt as
seen by an aircraft occupant looking out of the aircraft door.

4.14.4Inflation actuation controls must be so designed that the maximum required
pulling force will not pull the deployed device dkainto the doorway. The pulling
force required must not exceed 30 pounds.

4.14.5Inflation actuation controls must be constructed so they cannot trip or entangle
evacuees.

4.14.6When actuated, the manual inflation actuation controls must functionnmeaner
which will not cause rotation or twist of the deployed assist means.

4.15 Inflation System.

4.15.1The inflation system must be connected to the evacuation device and ready for
instant use. The inflation system must minimize leakage due to backpeesfter
inflation.

4.15.2If an air aspirator system is used, the system must be constructed to prevent the
ingestion of small foreign objects or to prevent failure or malfunction of the system
as a result of ingestion of the small foreign objects.

4.15.3Components must meet Department of Transportation (DOT) Specifications 3AA
(49 CFR 178.37) or 3HT (49 CFR 178.44) in effect May 30, 1946(4R€FR
178.AA) in effect February 1987, CFFC (49 CFR 178) in effect November 1996, or an
equivalent speci€ation approved by the manager of the FAA office having purview
of the manufacturer's facilities, as required in paragraphs 3b, Deviations and 5a,
Application Data of this TSO.

4.15.4Inflation systems for Type Il devices, in addition to meeting the @bov
requirements of paragraph 4.15 of this appendix, shall be arranged so that failure
of one inflatable chamber or manifold will not result in loss of gas from the other
chamber. The inflation equipment shall be located so as not to interfere with
boardingoperations.

4.16 Multiple Lane Devices.

4.16.1A multiple lane device must provide space for evacuees sliding simultaneously in
each lane. Each sliding surface, if separated by a raised divider not considered to
be a part of the sliding surface, must beleast 20 inches wide. The combined
width of two sliding surfaces not separated by a raised divider must be at least 42
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4.17

4.18

4.19

4.20

4.21

inches. The width of a multiple lane device with no raised lane divider must be
sufficient to enable evacuees to jump sideside into each slide lane
simultaneously and reach the ground safely.

4.16.2A multiple lane device must resist adverse twisting or deflecting when subjected
to maximum asymmetrical loading represented by evacuees traversing each lane
of the device individually ahe evacuation rate prescribed in paragraph 4.10 of
this appendix. Test conditions shall be as specified in paragraph 5.4 of this appendix
except that only the normal sill height and nominal pressure shall be tested.

4.16.3Where used, a raised divider @enter median must be constructed so as to
prevent injury to evacuees and not to throw from the device evacuees who jumped
into it astraddle or partly astraddle the divider or median. Multiple lane devices, if
canted, must provide for the avoidance obssflow effects due to the canting.

Side Guards. A single or multiple lane inflatable device must be equipped with side guards
or other means to prevent evacuees from accidentally missing or falling from the device.
The means must provide protectiéor an evacuee who crosses the aircraft emergency
exit threshold at a horizontal velocity of approximately 6 feet per second and contacts
the device installed at its steepest design angle.

Emergency Knife Location. If an emergency knife is providatyst be so installed that
it cannot injure persons using the evacuation device in a normal manner. For Type Il
devices, the knife must also meet the requirements of paragraph 4.39 of this appendix.

Device lllumination.

4.19.1Integral device illunmation must be designed so the illumination means is
activated automatically during deployment or inflation and the level of illumination
meets the appropriate requirements in 14 CFR § 25.812 in effect at the time of
application.

4.19.2The illumination reans must not interfere with the safe evacuation of persons
using the device in a nhormal manner.

Wind. The device must be shown, i@t winds directed from the most critical angle,

to deploy and, with the assistance of only one person who hasuatad down the
device, to remain usable after full deployment to evacuate occupants safely to the
ground. The device shall be tested while it is properly attached to the exit or location on
the airplane on which installation is intended or on an equivalaotkup.

4.20.1To determine the most critical angle, the wind shall be directed at the device from
at least the following directions: aft along the centerline of the aircraft (O degrees
position) and then every 45 degrees on the same side of the fuselaithe device
is intended for installation.

4.20.2/f the straight section of the descent portion of the device forms an angle greater
than 10 degrees to a line perpendicular to the aircraft centerline, the wind shall be
applied to the device from dir¢ions perpendicular to both sides (i.e., the edges of
the device parallel to the straight section of the descent portion) and from every
45 degrees between these two directions on the same side of the fuselage as the
device is intended for installation. Fdirections which are not tested, a rational
analysis shall be presented to show why those directions are less critical than those
tested.

Device Surface.
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4.22

4.23

4.24

4.25

4.26

4.21.1The surfaces of the device, including its coating, must be suitable and safe for use
in any weather condition, including a rainfall of 1 inch per hour. The evacuation
rate achieved in demonstrating suitability and safety of the device sliding surface
under rainfall conditions shall be no less than that shown in paragraph 5.4.3.10.
Evacueeshall meet the requirements of paragraph 5.4.1.5 of this appendix.

4.21.2Each device sliding lane, including its coating, must provide safe and rapid
evacuation without detrimental erosion or deterioration for at least 200 adult
persons without any rewor&f the surface.

Device Performance. At least five consecutive deployment and erection tests must be
demonstrated without failure. At least three tests must be conducted using a single
representative sample of the device.

Dynamic Pressure Reteati Test. The device must maintain adequate pressure to
satisfactorily accomplish its intended function throughout an emergency evacuation in
which:

4.23.1The device is installed at its critical angle (with respect to buckling);

4.23.2The device is irdted by the inflation system designed for that purpose, the initial
pressure of which is at the minimum of its design range;

4.23.3The pressure relief valve(s), if installed, is unrestricted; and

4.23.4At least 200 persons in no more than 10 separamdnstrations use each slide
lane of the device at an average rate of not less than one person per second per
lane.

Overpressure Tests. The device must be shown to withstand the overpressure test
requirements of paragraph 5.2.2 of this appendix withdamage.

Static Pressure Retention Test. The device must be shown to meet the pressure retention
test requirements of paragraph 5.2.1 of this appendix.

Raft Capacityfype Il Devices.

4.26.1Rated Capacity. The rated capacity shall be the usabling area on the
deck/sliding surface of not less than 3.8ferson.

4.26.20verload Capacity. The overload capacity shall be the usable seating area on the
deck/sliding surface of not less than 2.4/ferson.

4.26.3Capacity. Alternate Rating Msads. In lieu of the rated capacity prescribed in
paragraph 4.26.1 above, one of the following methods may be used:

4.26.3.1 The rated capacity of a Type Il device may be determined by the number
of seating spaces which can be accommodated within the oable area
exclusive of the perimeter structure (such as inflation/buoyancy tubes)
without overlapping of the occupant seating spaces. The occupant seating
spaces may not be less than the following size unless an equivalent size has
been approved by the mmager of the FAA office having purview of the
manufacturer's facilities.
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39.4 inches
14.7 inches 7.2 inches

ol

4.26.3.2 The rated capacity also may be determined on the basis of a controlled
pool or fresh water demonstration which includes conditions prescribed

under paragraph 5.2.3 of thappendix and the following:

4.26.3.2.1 The sitting area on the raft deck may not be less than
3.0ft?/person.

4.26.3.2.2 At least 30 percent but no more than 50 percent of the
participants must be female.

4.26.3.2.3 Except as provided below, all pardois must select their sitting
space without outside placement assistance. A raft commander,

acting in the capacity of a crewmember, may direct occupant seating
to the extent necessary to achieve reasonable weight distribution

within the device.

4.26.3.2.4All participants must not have practiced, rehearsed, or have had
the demonstration procedures described to them within the past 6
months.

4.27 Buoyancy.
4.27.1Type | devices installed at main deck floor level exits shall be designed to have
positive bugancy when extended so that they can be used as emergency flotation
devices.

4.27.2Type |l devices shall have two independent inflatable flotation tubes. If either tube
is deflated, the other tube and the device floor shall be capable of supporting the
rated and overload capacities in fresh water.

4.27.2.11t shall be shown by tests in fresh water that the Type Il device, loaded to
rated capacity using an average weight of 170 Ibs./person, has a freeboard
of at least:

4.27.2.1.1 Twelve inches with botlotéhtion tubes at minimum raft mode
operating pressure; and

4.27.2.1.2 Six inches with the critical flotation tube deflated and the
remaining flotation tube at minimum raft mode operating pressure.
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In lieu of meeting the #nch freeboard requirement of thisaragraph,

the buoyancy provided by the tubes only (disregarding buoyancy
derived from the floor and inflatable floor support) shall be capable of

supporting the rated capacity based on an average weight of at least
200 Ibs./person.

4.27.2.2 It shall benewn by tests in fresh water that the Type Il device loaded to
its overload capacity and using an average weight of 170 Ibs./person has a
measurable freeboard with the critical flotation tube deflated.

Ballast in the form of sandbags or the equivalent rhayised to achieve the
170db weight, provided the appropriate distribution within the device is
maintained.

4.28 Disconnect Means.

428.1Typel. RSPAOSAQ RA&EO2yYySOG YSFya Ydad
cloth/webbing loop capable of being operatey bntrained persons and covered
until ready for use. The method of disconnecting the device from the aircraft must
be conspicuously and clearly indicated by brief instruction placards.

4.28.2Typell device release from an aircraft, whether by automaticr@anual means,
shall not be restricted by the critical conditions of: (a) floor sill height above the
water, (b) wind velocity and direction, or (c) occupant load. Devices having aircraft
mounted inflation systems shall have means for quick detachmemh fthe
inflation system so that separation cannot cause loss of raft buoyancy. Release
means shall be a readily apparent flexible cloth/webbing loop capable of being
operated by untrained persons and covered until ready for use. The method of
disconnectingthe device from the aircraft must be conspicuously and clearly
indicated by brief instruction placards.

4.29 Mooring Line.

4.30

4.29.1Type | devices must be equipped with a nonrotting mooring line so that the
deployed device automatically will remain secutecthe aircraft when it is used
as an emergency flotation platform. The mooring line shall not endanger the
device, cause the device to spill occupants if the aircraft sinks, or interfere with the
operation of the device. The mooring line shall have aminn length of 20 feet
and have a knotted breaking strength of not less than 500 Ibs. The attachment to
the evacuation device shall be stronger than the mooring line. The moored device
shall be quickly and easily disconnected from the aircraft. The mooelagse
means shall be readily apparent and operable by untrained evacuees.

4.29.2Type |l devices, in addition to meeting the requirements of paragraph 4.29.1, shall
have a mooring line capable of keeping the device, loaded to rated capacity,
attached toa floating aircraft. The line may be equipped with a mechanical release
linkage. The breaking strength of the line shall be Q000 pounds.

Lifeline. Type | and Type Il devices shall be equipped with a nonrotting lifeline of a size
greater than orequal to 3/8inch diameter or ¥nch width, .060 minimum thickness and

of a color that contrasts with the device. The lifeline shall be attached along at least 80
percent of the length of both sides of the device. The lifeline shall not adversely
compromse the use of the device as a slide. The lifeline and its attachment must be
capable of withstanding a minimum load of 500 Ibs. and must not interfere with the
device's inflation.
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4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

Capsize Resistandgpe Il Devices. There shall be water pockets oerotheans to
provide ballast to resist capsizing an empty or lightly loaded raft.

RightingType Il Devices. Unless it is shown that there is no tendency for the device to
become inverted during loading and release from the aircraft, the slide/raft warsiply
with the righting tests specified in paragraph 5.2.3.5 of this appendix.

Boarding Aidg ype |l Devices. Boarding aids shall be provided at two opposing positions
on the raft. Boarding aids shall permit unassisted entry from the water into the
unoccupied raft and shall not at any time impair either the rigidity or the inflation
characteristics of the raft. Puncturing of inflatable boarding aids shall not affect the
buoyancy of the raft flotation chambers. Boarding handles and/or stirrups used in
conjunction with the boarding aids shall withstand a pull of 500 pounds. Boarding aids
must be shown to comply with the test requirements of paragraph 5.2.3.6 of this
appendix.

HeavingTrailing LineType 1l Devices. At least one, floating, hea¥nagling line, not less
than 75 ft in length and at least 250 Ibs. strength, shall be located on the main flotation
tube near the sea anchor attachment. The attachment point of the line shall withstand a
pull force of not less than 1.5 times the line ratéiekagth without damage to the device.

CanopyType Il Devices. A canopy shall be packed with or attached to the device. The
erected canopy shall be capable of withstanding sustained wind velocities of 35 knots and
52-knot gusts in open water. The canophall provide adequate headroom, minimum 1
inch clearance, for the 95th percentile male (seated height) and shall provide openings
180 degrees apart. Means shall be provided to make the openings weather tight. If the
canopy is not integral with the rafit shall be capable of being erected by occupants
following conspicuously posted, simple instructions. It shall be capable of being erected
by one occupant of an otherwise empty raft and by occupants of a raft filled to rated
capacity.

ColorType IIDevices. Except surfaces which have been treated for the purpose of
reflecting radiant heat, the color of the device surfaces, including the canopy surface,
visible from the air shall be an International Orangellow or an equivalent high visibility
color.

Sea AnchaiType Il Devices. A sea anchor, or anchors, or other equivalent means must be
provided to maintain the raft, with rated capacity and canopy installed, on a substantially
constant heading relative to the wind and must have the ability tuce the drift to 2

knots when subjected to winds of 17 to 27 knots. Unless analysis and/or test data
substantiating the adequacy of a lower breaking strength is approved by the manager of
the FAA office having purview of the manufacturer's facilitieseggired in paragraphs

3b, Deviations, and 5a, Application Data, the line securing a sea anchor to the device shall
have a breaking strength of 500 pounds or 40 pounds times the rated capacity of the raft,
whichever is greater. The attachment of the line tiee raft shall be capable of
withstanding a load of 1.5 times the limated strength without damaging the device.
The line shall be at least 25 feet in length and shall be protected to prevent it from being
inadvertently cut by raft occupants.

Emergency Inflation EquipmerType Il Devices. A means readily accessible to occupants
of the device shall be provided to manually inflate the device and maintain the raft mode
minimum operating pressure. The emergency inflation means must have a displacement
of at least 32 cubic inches per full stroke. Manual inflation valves, with aretomn
opening adequate for the size and capacity of the inflation means, shall be located to
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permit inflation of all chambers. The inflation means and valves shall haveipnsvi®
prevent inadvertent removal and loss when either stowed or in use.

4.39 KnifeType Il Devices. A hotkpe knife secured by a retaining line shall be sheathed and
attachedto the device adjacent to the point of mooring line attachment. This knifg m
also meet the requirements of paragraph 4.18 of this appendix.

4.40 PlacardsType Il Devices. Suitable placards shall be provided in contrasting colors in
waterproof paint which is not detrimental to the fabric, that denote use and location of
the inflation systems, raft equipment, boarding aids, and righting aids. The letters used
for such placarding shall be at least 2 inches high, except the details and miscellaneous
instructions may be of smaller lettering. Applicable placarding shall take intousicc
persons boarding or righting the raft from the water.

4.41 Emergency LightBype Il Devices. At least one TS8ba, or the latest revision, approved
survivor locator light shall be provided. The light shall be automatically activated upon
device inflaion in the water and shall be visible from any direction by persons in the
water. The light shall be located at or near a boarding station.

4.42 Actuation MeansType Il Devices. If the device as a slide requires an additional operation
to make it usable & a raft, the means for initiating the additional operation shall be
designed to preclude inadvertent actuation but be readily available for use. If a pull
motion is used, the force required must not be more than 30 pounds.

4.43 Sea Performancé&ype Il Deiges. The device shall meet the seaworthiness requirements
in paragraph 5.2.4 of this appendix and shall be capable with its equipment of
withstanding a saltwater marine environment for a period of at least 15 days.

o

Tests.

5.1 Material Tests. Testing @material properties specified in paragraph 3, Materials, of this
appendix must be conducted in accordance with the following test methods or other
approved equivalent methods:

Test Method
Tests Required Federal Test Method Standard Other Test Method

Accelerated Age (1.)- Method 5850 Per Note (2.)
Tensile Strength (Grab Test) (1.)- Method 5100 Per Note (8.)
Tear Strength (Trapezoid Test) (6)Method 5136

Tear Strength (Tongue Test) (1.) Method 5134
(Alternate to Tapezoid Test
paragraph3.1.5.1)

Ply Adhesion (1.)- Method 5960 Per Note (4.)
Coat Adhesion (1.)- Method 5970 Per Note (9.)
Permeability (6.)- Method 5460 Per Note (7.)
Seam Shear Strength (1)) Per Notes (3.) (8.)
Seam Peel Strength (1.)- Method 5960 Per Note (4.)
Puncture Strentip Per Note(10.)
Hydrolysis Conditioning Per Note (11.)
Porosity Test (Hydrolysis) Per Note (12.)
Flammability (Vertical Burn Rate Per Note (5.)

NOTES:
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1)
)

©)

(4)
(%)

(6)
()

(8)

)

(10)

(11)

(12)

Federal Test Method Standard (FTMS) No. 191A dated July 20, 1978.

Samples for the ecelerated aging tests must be exposed to a temperature of 158

+ 5 degrees F for not less than 168 hours. After exposure, the samples must be
allowed to cool to 70 + 2 degrees F for neither less than 16 hours nor more than 96
hours before determining thephysical properties in accordance with paragraph
3.1 of this appendix.

Each sample shall consist of two strips 2 inches maximum width by 5 inches
maximum length bonded together with an overlap of 3/4 inches maximum. The
free ends must be placed in thesting machine described in FTMS 191A, Method
5100 and separated at a rate of 12 £+ 0.5 inches/minute. The average value of a
minimum of three samples must be reported. Samples may be multilayered to
ensure against premature material failure. Samples tmagripped across the full

two inches of width.

Separation rate must be 2.0 to 2.5 inches/minute. Sample width shall be one inch.

The material must meet the flammability requirements of 14 CFR § 25.853(a),
Appendix F, part | (a)(2)(ii) in effect M&a 6, 1995.

FTMS No. 191 in effect December 31, 1968.

ASTM Method D14382, Procedure V, approved July 30, 1982, is an acceptable
alternate method.

Use of pneumatic grips for holding test samples is an acceptable alternate to the
mechanical gps described in Method 5100.

The sample shall be prepared using the adhesive and construction methods used
to manufacture the evacuation device. Separation rate must be 2.0 to 2.5
inches/minute.

The fabric shall be tested in a specimen holderstarcted in accordance with
figure 1. The fabric shall be clamped tightly in the specimen holder to present a
wrinkle-free surface and prevent slippage during the test. A piercing instrument
with its end conforming to figure 1 shall be forced against tlabrit at
approximately the center of the area enclosed by the specimen holder. The force
required to puncture the specimen shall not be less than the specified 67 pounds.
The test shall be run using a crosshead speed of 12 inches/minute.

Each samplehsll be exposed to a temperature of 136 + 4 degrees F and a relative
humidity of 95 £ 4 percent for a period of 50 days.

Porosity testing conducted for hydrolysis resistance shall be conducted with the
test apparatus specified in paragraph 5.3 or ajigalent test method approved

by the manager of the FAA having purview of the manufacturer's facilities, as
required in paragraphs 3b, Deviations and 5a, Application Data, of this TSO. Note
specimen size and mounting information of paragraphs 5.3.3.15a8d@.5 of this
appendix. Tests should be conducted at the devices nominal operating pressure for
a duration of 30 minutes. Porosity is indicated by a loss in chamber pressure during
testing. Pressure loss for material specimens after hydrolysis condtjichiall not

be greater than the pressure loss for the material before conditioning.
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5.2 Functional Tests.

5.2.1 Pressure Retention. Under static conditions and when inflated and stabilized at the
nominal operating pressure, the pressure in each inflatable chamber of a Type I
device must not fall below the minimum raft mode operating pressure in less than
24 hours. For Type |, Il & IV devices, the pressure in each inflatable chamber must
not fall below50 percent of the nominal operating pressure in less than 12 hours.
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5.2.2 Overpressure Tests.

5.2.2.1 The device must withstand a pressure at least 1.5 times the maximum
operating pressure for at least 5 minutes without sustaining damage.

5.2.2.2 At leasbne specimen of the inflatable device model must be shown by test
to withstand a pressure at least 2 times the maximum operating pressure
without failure for at least 1 minute. Devices so tested must be clearly
identified.

5.2.3 Water TestsType |l Device In either a controlled pool or fresh water the capacity
and buoyancy of the device must be demonstrated as follows:

5.2.3.1 Both rated and overload capacities established in accordance with the
requirements of paragraph 4.26 of this appendix must be destrated
with inflation tubes at minimum raft mode operating pressure and with the
critical buoyancy chamber deflated. The resultant freeboard in each case
must meet the requirements of paragraph 4.27.2 of this appendix.

5.2.3.2 Persons used in the demtiasion must have an average weight of not less
that 170 pounds. Ballast in the form of sand bags or equivalent may be used
to achieve proper loading provided the appropriate weight distribution
within the device is maintained.

5.2.3.3 Persons used in tdemonstration must wear FAA approved life preservers
with at least one chamber inflated.

5.2.3.4 The raft equipment required by this TSO, plus one emergency locator
transmitter or a weight simulating a transmitter, must be aboard the device.

5.2.3.5 Unlestt can be shown that there is no tendency for the device to become
inverted during loading and release from the airplane, it must be
demonstrated that the device is selfjhting or that it can be righted by one
person in the water, or that while inverteitl can be boarded and provide
flotation for the normal rated capacity.

5.2.3.6 It must be demonstrated that the boarding aids are adequate for the
purpose intended and that it is possible for male and female adults wearing
inflated life preservers to boarthe raft unassisted.

5.2.4 Sea Trialg Type Il Devices. The device must be demonstrated by tests or analysis,
or a combination of both, to be seaworthy in an open sea condition with maximum
sustained winds of 17 to 27 knots and waves of 6 to 10 fea&sts, ballast in the
form of sand bags or equivalent may be used to achieve proper loading provided
the appropriate weight distribution within the raft is maintained. If analysis is used,
the analysis must be approved by the manager of the FAA offidadhaurview of
the manufacturer's facilities as required in paragraph 5a, Application Data of this
TSO. For this seaworthiness demonstration, the following apply

5.2.4.1 The raft must be boarded by the rated number of occupants to
demonstrate the methoaf loading from a simulated aircratft sill installation.

5.2.4.2 The proper functioning of the means to separate the raft from the
simulated aircraft installation must be demonstrated.

5.2.4.3 All equipment required by this TSO must be aboard and the proper
functioning of each item of equipment must be demonstrated.
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5.2.4.4 The canopy must be erected for a sufficient time to assess its resistance to
tearing and the protection it affords. The method of erection must be shown
to be accomplished by one occupaot an otherwise empty raft and by
occupants of a raft filled to rated capacity.

5.2.4.5 The stability of the raft must be demonstrated when occupied at normal
rated capacity and at 50 percent rated capacity.

5.3 Radiant Heat Test. The pressure holding enais in the emergency evacuation inflatable
device shall be tested for resistance to radiant heat in accordance with this standard. If
any of the outer surface of the pressure holding material is altered by marking, by
lettering, by affixed overlay or wierlying material, or in any other manner which affects
radiant heat resistance, the altered material shall also be tested.

5.3.1 Criteria for Acceptance. For each material which requires testing, at least three
specimens shall be tested at 1.5 Btugc(1.7 W/cn?), and the resulting times
to failure averaged. The average time to failure may not be less than 180 seconds
with no value less than 90 seconds. Time to failure is the time between first
application of heat to the specimen and first drop in @@ below the maximum
pressure attained in the test cylinder during the test.

5.3.2 Test Apparatus. The tests shall be conducted using the FAA Slide Material Radiant
Heat Apparatus, or another equivalent test apparatus and test method approved
by the manger of the FAA office having purview of the manufacturer's facilities as
required in paragraphs 3b, Deviations, and 5a, Application Data of this TSO. The
apparatus consists of a horizontally mounted cylinder closed at one end and fitted
with a source of aipressure and pressure measurement. A specimen holder
clamped over the open end seals the cylinder air tight with the material specimen
acting as a pressure holding diaphragm. The cylinder and specimen holder are
mounted on a pivot and slide bar, and daa positioned at varying distances from
a 3inch (76mm) diameter electric radiant heat furnace and a calorimeter. The test
apparatus is described in figures 2 through 5 and paragraphs 5.3.2.1 through
5.3.2.6 of this appendix.

5.3.2.1 The pressure cylindand specimen holder, as shown in figures 2, 3, and 4
of this appendix, consist of aifich (178 mm) outside diameter (O.D.) by 6
1/2-inch (165 mm) inside diameter (1.D.) by 12 -8i8h (314 mm) long
aluminum tube. On one end of the tube is welded a-ibéh (13 mm) thick
aluminum plate, drilled and tapped for a idch American national pipe
taper thread to facilitate air pressure and pressure recording hookups. On
the other end of the tube is welded &ifich (178 mm) O.D. by 5 %ich
(140 mm) I.D. ringf 1/2-inch (13 mm) thick aluminum. This ring is drilled
and tapped for 162 by 7/8inch (22 mm) long studs. Another 6 dfth
(171 mm) O.D. by 5 Lfdch (140 mm) I.D. by 1#dch (13 mm) thick
aluminum ring and two neoprene rubber gaskets with matclulegarance
holes to fit over the studs provide a means for clamping and sealing the test
specimen in place. Hinges and adjustable stops are welded to the sides of
the cylinder, shown in figures 2, 3, and 4.

5.3.2.2 The electric furnace meeting the requirems of the FAA Fire Test
Handbook is shown in figure 5 of this appendix. It hasiaclB (76 mm)
diameter opening to provide a constant irradiance on the specimen surface.
An acceptable furnace, part number 680860025700, is available from
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Newport Scientit, Inc., 824& Sandy Court, Jessup, Maryland 209632.
Another acceptable furnace, part number 680860380000, is also available
from Newport Scientific, Inc.

5.3.2.3 A & Btu/ft2-sec (5 W/crd) calorimeter meeting the requirements of the

FAA Fire Tedtandbook is required. (Vatell thermogage calorimeter no.
1000-1B, available from Vatell, P.O. Box 66, Christiansbury, Virginia 24073,
is acceptable.) The calorimeter is mounted in a 4itith diameter by 3/4

inch insulating block and is hinged to one dfetsliding bars of the
framework. The surface of the calorimeter is flush with the surface of the
insulating block and centered with the furnace. See figure 4 of this appendix.
The calorimeter must be calibrated to a primary standard by NIST or
calibratedper the requirements ohppendix 4

5.3.2.4 The pressure cylinder, calorimeter, and furnace are mounted on a

framework as detailed in figure 4 of this appendix. Adjustable sliding stops
are located on each of the bafor setting the cylinder and calorimeter at
the desired distance from the opening of the furnace.

5.3.2.5 Compressed air is connected to the cylinder through a needle valve

attachedto the end of the framework. A tee on the outlet side of the valve
provides for a €6 psig pressure gauge, transducer, and flexible tube to
supply air to the rear plate of the pressure cylinder, as shown in figure 2 of
this appendix.

5.3.2.6 The outputs of the calorimeter and pressure transducer are measured and

recorded usig a recording potentiometer or other suitable instrument
capable of measurement over the range required.
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5.3.3 Test Specimens.

5.3.3.1 Test specimens 7 inches (178mm) in diameter witAintd (6mm) holes

punched in the material to match the stuitsthe pressure cylinder must be
cut from the material to be tested.

5.3.3.2 Test specimens must be conditioned at 70 + 3 degrees F (21+3 degrees C)
and 50 £5 percent relative humidity for at least 24 hours prior to testing.
5.3.4 Test Procedures.

5.3.4.1All tests must be conducted in a draft free room or enclosed space.

5.3.4.2 After turning on the radiant heat furnace and other required
instrumentation, allow 1/2 to 3/4 hour to stabilize heat output and for
instrumentation warmup.

5.3.4.3 Adjust transifmer to produce a radiant heat flux of 2 BtudHsec (2.3

W/cm?) when the calorimeter is positioned 1 1/2 inches (38mm) in front of
the radiant heat furnace.
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5.3.4.4 Find the location in front of the furnace for the test heat flux of 1.5
Btu/ft2-sec (1.®/cm?) by sliding the calorimeter on the horizontal bar and
fixing the position with the sliding stop. Swing the calorimeter out of
position.

5.3.4.5 Mount the specimen on the open end of the cylinder with a neoprene
gasket on each side of the specimen wihe reflective surface of the
material facing the furnace. Place the aluminum ring on the studs and
tighten the nuts so that an airtight seal made.

5.3.4.6 Pressurize the cylinder to the device nominal operating pressure. Check for
leakage.

5.3.4.7 Chekthe distance from the radiant heat furnace to the surface of the test
specimen. This distance is the same as the distance to the surface of the
calorimeter.

5.3.4.8 Place the calorimeter in front of the radiant heat furnace and record the
heat flux. An aceptable heat flux is 1.5 Btuffsec (1.7 W/crf). Remove
calorimeter.

5.3.4.9 Place the pressure cylinder and test specimen in front of the radiant heat
furnace. Start timer or note starting time on the recorder.

5.3.4.10 Pressure is monitored from thime the specimen is placed in front of
the furnace until initial pressure loss is observed.

5.4 Evacuation Rate Tests.

5.4.1 Basic Test Conditions. The following test conditions shall be applicable to tests run
for showing compliance with paragraph 4.10flthis appendix:

5.4.1.1 The device shall be tested at normal sill height.

5.4.1.2 The device shall be tested at three different inflation pressures: minimum
operating, maximum operating, and the nominal operating pressure.

5.4.1.3 The surface of thievice shall be dry.

5.4.1.4 The test area may be illuminated to any level suitable for safe conduct of
the test.

5.4.1.5 The evacuees may be of any age, gender, weight, or experience level
suitable for safe conduct of the test, but each evacuee group rawsrage
a minimum of 170 pounds per person. Evacuees may participate in more
than one test run.

5.4.1.6 Each device lane shall be traversed by a minimum of 20 evacuees per lane
for each test run.

5.4.1.7 Alltest runs shall be on the same test article.
5.4.1.8 Each test run must have a rate of 60 evacuees/minute per lane or higher.

5.4.1.9 The combined average rate of all test runs must be 70 evacuees/minute
per lane or higher. If different numbers of evacuees are used among the
different test runs, tle rates for each test run shall be mathematicaly
weighted to ensure proper averaging.
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5.4.2 Maximum and Minimum Sill Height Conditions. In addition to the tests in
paragraph 5.4.1 above, the device shall be tested at the maximum and minimum
sill heightsThree test runs shall be conducted on the same test article for both sill
heights, one each at minimum operating, maximum operating, and the nominal
operating pressure of the normal conditions pressure range. At maximum sill
height, a minimum of five evaees per lane per run shall use the device and be
conveyed safely to the ground. At minimum sill height, a minimum of 20 evacuees
per lane per run shall use the device. The evacuees shall meet the same
requirements as in paragraph 5.4.1.5 of this appendix.specific evacuation rate
is required for the maximum sill height tests. However, at minimum sill height the
rate shall be no less than that shown in paragraph 5.4.3.10.

5.4.3 Emergency Lighting Test Conditions. The following test conditions shall be
appicable to tests run for showing compliance with paragraph 4.10.2 of this
appendix:

5.4.3.1 The test shall be run on the airplane on which installation is intended or an
approved, representative moekp of the relevant section of the airplane.

5.4.3.2 Th sill height used shall represent normal conditions for the airplane with
all landing gear extended.

5.4.3.3 When using a moak, the exit cutout and the door (if necessary) shall be
representative of the airplane. The passageway to the exit shouldobe n
greater than the minimum specified for that exit in 14 CFR § 25.813, e.g., 36
inches wide for a Type A or B exit, or 20 inches wide for a Type 1, Il or C exit.
The assist space shall be per current FAA guidance contained inl&C 25
Cabin features suchs doors, cabinets, monuments, door hinges, or other
impediments intruding into the exit path which may influence the
evacuation rate shall be realistically simulated along the length of the
passageway.

5.4.3.4 The device shall be installed, inflated¢mominal operating pressure and
ready for use. Note: Emergency lights mounted on the device shall not be
illuminated until test initiation, and shall be powered by batteries
conditioned per 14 CFR 8 25.812(i), or an equivalent power supply.

5.4.3.5 Theurface of the device shall be dry.
5.4.3.6 The device shall be hidden from view of the evacuees prior to test initiation.

5.4.3.7 For a period of 5 minutes prior to the initiation of the test, the area holding
the evacuees, i.e., the "cabin interior'hal be illuminated to a minimum
level of 5 footcandles, or the level which is representative of typical cabin
lighting as measured on the centerline of the passageway floor, one foot
inboard of the exit sill. The ambient illumination in the test areasaé of
the airplane or mockip shall not exceed 0.005 fooindles; measurements
should be made at the ground end of the assisting means and at the exit,
just outside of the fuselage. Provisions shall be made, where necessary, to
prevent light reflectingoff of surfaces in the outside test area, e.g., hangar
walls, from providing visual references to the test participants. All
illumination measurements shall be made with a light meter in current
calibration, with an accuracy/resolution of at least 2 pericand 0.001 foot
candles.
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5.4.3.8 Upon test initiation, the illumination of the "cabin interior" shall be
reduced to the nominal light level provided by the airplane emergency
lighting system (with batteries conditioned per 14 CFR 8§ 25.812(i)) as
measuredas incident light on the centerline of the passageway floor, one
foot inboard of the exit sill. The assist means lighting system(s) will be
activated.

5.4.3.9 The evacuees shall not have participated in any test or demonstration
involving airplane evacti®n devices within the past year.

5.4.3.10 The evacuee group size shall be per the following table:

Pass/fall criterion

44 (22 per lane) 30 +o*

B 75 45 (22/23 per lane 45 +T

C 55 22 30 +T

I 45 27 45 +T

I 40 24 45 +T

11 35 21 45 +T

I (dual*) 70 42 (21 per III) 45 +T
I (dual**) 70 39 (19/20 per I11) 45 +T

* Dual separated by >= 3 seat rows.
** Dual separated by < 3 seat rows.

*** The total time allowed from the start of the test, wimethe light level
changes, as described in 5.4.3.8, until the last evacuee reaches the ground.

**x T, = Transit time (), determined by averaging the times required by
five or more evacuees tested one at a time to traverse the descent route in
factory anbient lighting conditions. Evacuees must meet the conditions in
5.4.3.9and 5.4.3.11.

5.4.3.11 The age/gender mix of the evacuee group shall be as defined in the
current version of Appendix J of 14 CFR part 25.

5.4.3.12 For floor level exits, a persoaitred to give verbal commands shall direct
the evacuation from an assist space provided for the aircraft and may stop
the test if conditions warrant. He/she should use procedures or techniques
approved by the manager of the ACO having purview of the device
Y ydzFl Ot dzZNBENRa FFOAfAGASad ¢KSasS LINRO
physically assisting hesitant evacuees through the doorway.

5.4.3.13 The following information may be given to participants and the following
procedures may occur during the biiregs identified below:

5.4.3.13.1 Recruiting briefing:
- Describe purpose of the test.
- Identify possible hazards of the test.
- Identify benefits for test participants.

- Identify benefits to airline passengers.
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- Describe types of clothing/footwear required.
5.4.3.13.2 Orientation briefing:

- Get subject characteristics.

- Check for appropriate clothing and footwear.

- Prepare paperwork (medical forms, etc.).

- Give building safety information (fire evacuation plan, etc.).
- Describe test and procedures.

- Show pictures afhe device from ground level in daylight.

- Describe how to enter the device using pictures from ground
level, if desired.

- Get informed consent.
5.4.3.13.3 Final briefing:
- Escort to test area.

- Escort into test mockip (also known as test module) to prepare
for test.

- Describe test procedures again.

- Line up (position) evacuees at the exit(s) in single or dual lanes,
as appropriate, for the test.

- Begin test protocol.
5.5 Beam Strength Testsxcept Type Il Devices.

5.5.1 Basic Test Conditions. The following testditions shall be applicable to tests run
to show compliance with paragraph 4.3.1 of this appendix.

5.5.1.1 Sand Bags.

5.5.1.1.1 Three sand bags, each weighing a minimum of 170 pounds,
connected in series, are required for each and every lane of the
device.

5.5.1.1.2 All sand bags shall be equal to each other in weight within 5.0 Ibs.

5.5.1.1.3 Asingle 14fbund sand bag may be assembled from two or more
smaller bags for ease of handling. The smaller bags need not be of
equal weight.

5.5.1.1.4 The der covering of the sand bag shall be a material having a
coefficient of friction of at least 0.4 when tested per ASTM Standard
D 189495. (This value is typical of some cotton and polyester/cotton
material blends. Test data for the material used shainstuded with
the final test report.)

5.5.1.1.5 Filler materials other than sand may be used, however, liquids are
not acceptable unless they are sufficiently constrained to prevent
shifting within the bag.
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5.5.1.1.6 The basic shape of a sand bag shoelld rectangular solid with
rounded corners and a minimum contact surface width of 15 inches.

The bag should be longer than it is wide and the height should be less
than the width.

5.5.1.1.7 Provisions to securely connect the three sand bags to each other
shall be included on each bag. The interconnection provisions shall be
designed to minimize any tendency for the bags to roll or tumble.

5.5.1.1.8 When connected, the three sand bags shall occupy an area not to
exceed 7.5 feet by 2 feet.

5.5.1.2 Deliver System.

5.5.1.2.1 A delivery system shall be used to convey the sand bags to the
beginning of the dowsslide portion of the device and to release them
so that they may slide down the device. The vertical offset of the end
of the delivery system and thdevice at the point of delivery should
be minimized to minimize tumbling of the sandbags.

5.5.1.2.2 The delivery system shall consist of a flat, rigid plane a maximum
of 8 feet in length covered with material similar to that used on the
sliding surface dhe device.

5.5.1.2.3 The delivery system shall incorporate provisions for slowly
elevating the rear portion of the plane until the sand bags will begin
to move downward onto the sliding surface solely by the effect of
gravity or until the plane is at thsame angle as the sliding surface
and acts as a seamless extension to it. Angles between these two
points are acceptable, but in no case shall the angle of the plane
exceed the angle of the sliding surface. The sand bags should be
restrained until testnitiation.

5.5.1.2.4 Where a straight delivery system design cannot be used because
the device has a ramp or porch or is more than 20 degrees from being
perpendicular to the fuselage, an alternate delivery system design
may be used if approved in advartgethe manager of the ACO having
LIZNBBASS 2F GKS YI ydzFl OG0 dz2NBENRa FI OAf
5.5.1.3 Device Configuration and Installation.

5.5.1.3.1 The device shall be in its productigtiverable configuration with
all required equipment installed.

5.5.1.3.2 The slidg surface of the device shall be dry and new (i.e. never

having been subjected to persons or sand bags sliding on its surface
prior to the tests).

5.5.1.3.3 The pressure in each and every chamber of the device shall be its
nominal operating pressure.

5.5.1.3.4 The device shall be installed at its normal sill height and with its
normal attachment means. If the device is intended for use at more
than one exit pair, it shall be tested at the normal sill height for each
exit pair.
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5.5.1.3.5 The width of &hexit through which the sand bags are delivered
shall be representative of the airplane exit to which the device will
normally be attached and where the evacuees would normally enter
the device. For devices not mounted at the exit sill, only the airplane
structure which would control evacuee flow onto the device needs to
be simulated.

5.5.2 Testing.

5.5.2.1 For a muHane device, the sand bags for all lanes shall be launched
simultaneously or as nearly so as possible. A single mechanism which
will provide simultaneous release of all bags is recommended. In no
case shall the sand bags be launched with an offset of more than one

sand bag length difference among all the lanes. A case not conforming
to this requirement shall be considered a A@st.

5.5.2.2Sand bags shall not overlap or lie atop one another at test initiation.

5.5.2.3 Sand bags shall not roll or tumble more than 180 degrees either by
force of launch or through action of movement down the device.

Some tumbling of the sand bags at the battwf the device due to
the effects of the deceleration means is acceptable.

5.5.2.4 Sand bags shall not depart the device except at the bottom end
where evacuee contact with the ground is intended.

5.5.2.5 Crossver of the sand bags from one lane to &mer on a multiple
lane device is acceptable.

5.5.3 Success Criteria.

5.5.3.1 For the test article to be deemed acceptable, the test shall be
completed successfully three consecutive times. (Tests which are
aborted or considered notests, e.g., there is ore than one sand bag
offset between lanes during the start of a multiple lane device test, do
not count against the goal of three consecutive successful tests.)

5.5.3.2 All sand bags in all lanes shall completely depart the end of the
device, or shall baleemed to be likely to exit the device if not

obstructed by bags which are partially on the ground and partially on
the device.

5.5.3.3 The bottom of the sliding surface shall not contact the ground at any
time.

5.5.3.4 The device, without repair, shalket the requirements of paragraph
4.10.1 of this appendix after being subjected to this test.

5.5.4 Alternative Test Method. As an alternative to the test method (using sand

bags) described in paragraph 5.5.1, a test using human subjects may be
conductedas follows:

5.5.4.1 Test Subjects. Prior to testing, all test subjects shall be briefed on
safety and test issues per paragraph 5.4.3.13 of this TSO. The briefing
shall include instructions for required behavior while participating in
the test. While testsubjects may be experienced, they shall not

behave in a prohibited manner. Prohibited behavior includes shifting
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along the slide surface in order to depart the end of the device.

5.5.4.2 Device Configuration and Installation.

5.5.4.2.1 The device shall be in its produciimtiverable
configuration with all required equipment installed.

5.5.4.2.2 The sliding surface of the device shall be dry and new (i.e.
never having been subjected tegsons or sand bags sliding on
its surface prior to the tests).

5.5.4.2.3 The pressure in each and every chamber of the device shall
be its nominal operating pressure.

5.5.4.2.4 The device shall be installed at its normal sill height and with
its normalattachment means. If the device is intended for use
at more than one exit pair, it shall be tested at the normal sill
height for each exit pair.

5.5.4.2.5 The width of the exit through which the test subjects would
pass before entering the device shall tepresentative of the
airplane exit where the device will normally be attached and
where the evacuees would normally enter the device. For
devices not mounted at the exit sill, only the airplane structure
which would control evacuee flow onto the deviceads to be
simulated.

5.5.4.3 Test Protocol. The following test protocol, which is applicable for
single or multiple lane devices, shall be used:
pPdPp dPndo dm ¢KS (GSaild adzomasSoiaqQ Of 2k
shall be made of material with a cifieient of friction of at least

0.4 per ASTM Standard D189@ (typical of cotton or
polyester/cotton blend).

5.5.4.3.2 Each test subject shall weigh at least 170 pounds.

5.5.4.3.3 For each lane of the device, three test subjects shall be
aSrGSR IIyEg2maAld S ¢KS €S3a 27F
person in each group shall straddle the person ahead. The first
and second persons in the group shall grasp the legs of the
person behind them.

5.5.4.3.4 The first person in the group should be located entaely
the downward portion of the device, i.e., he/she would slide if
not holding onto the legs of the person behind. The second
person in the group should be located either entirely on the
downward portion of the device or at the transition point
between thedoor sill or device ramp and the downward
portion of the device. The third person should be on the door
sill or device ramp, i.e., would not slide if not holding onto
anything or being held by the legs by the second person in the

group.
5.5.4.3.5 For edcgroup, the distance from the front of the first test
ddzo2S0GQa (G2Nm2 (2 GKS olF Ol 27F i
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not exceed 7.5 feet at the initiation of sliding by the third (last)
person in the group.
poOpdndodc ! G (KSEESHKSOHBREO EINE S
lane will proceed down the slide together. For multiple lane
devices, simultaneous pusidif is required for all lanes, i.e., no
more than a oneperson offset is permissible among all lanes.
Minor pushing off, particularly by thsecond and third persons
in each group, is allowed to start the group sliding. Additional
persons are allowed to gently push the last person in each
group to start the sliding process.

5.5.4.3.7 After the third personin each group has started to g,
person may signal the two others in the group to let go of the.
tS3a oe eStftAy3a ahYeéeé 2N a[ SaG 3F2¢

5.5.4.3.8 Upon hearing that signal, the first two persons in the group
aK2dZ R tS4G 32 2F GKS 20KSNRQ fS3
movement for exing the device and moving out of the way.
After releasing the legs, the test subjects shall not engage in
pushing, scooting or shifting of weight in order to exit the
device. As soon as foot contact with the ground is made, the
test subjects may stand imediately and move away quickly.

5.5.4.3.9 The first and second persons in the group are to stand and
move away quickly when exiting the device to prevent blocking
the person behind them.

5.5.4.3.10 Asan alternative to paragraph 5.5.4.3.4, a delivetignsys
can be used to convey the test subjects to the beginning of the
downslide portion of the device. See paragraph 5.5.1.2.2
through 5.5.1.2.4 for description of the delivery system.

5.5.4.4 Success Criteria.

5.5.4.4.1 For the device to be deemed acedye, the test must be
completed successfully three consecutive times. (Tests which
are aborted or considered netests, e.g., there is more than a
one person offset between lanes during the start of a multiple
lane device, do not count against the goatlufee consecutive
successful tests.)

5.5.4.4.2 The first two test subjects in each and every lane shall exit
the end of the device with continuous motion. The third person
should also exit the device with continuous motion, but may
stay on the device ifis/her motion was stopped by the person
in front of him/her. Crossover of persons from one lane to
another on a multiple lane device is acceptable; however, no
more than one person may remain on the device in any lane.

5.5.4.4.3 The underside of the glig surface shall not contact the
ground at any time.

5.5.4.4.4 None of the test subjects shall perform prohibited
movements (as described above).
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5.5.4.4.5 The device, without repair, shall meet the requirements of
paragraph 4.10.1 of this appendix afte¥ing subjected to this
test.

5.6 Attachment Means TestsGirt (See figure 6 of this appendix.).

5.6.1 Symmetric Girt Tensile Load Test. A representative production configuration girt
including attachments to the device and the aircraft shall be indateproduce a
symmetric load in a tensile test machine. The girt shall be attached on one end
using the girt bar, or equivalent, and on the other end to the normal girt
attachment means to the inflatable device. The slide fabric to which the girt
attachment is bonded shall be fastened to a steel plate or around a cylinder
designed to represent the inflatable to which the girt is attached (See figure 6 of
this appendix). The girt shall be able to withstand a test load which is equal to the
maximum expectedn-use load multiplied by a factor of 1.5 (as required by
paragraph 4.8 of this appendix). Theuse load is a combination of all the loads
acting on the girt attachments during any individual test run. The loads shall be
established by instrumenting thgirt attachment(s) to a test module simulating
the aircraft fuselage and measuring the forces transmitted to the attachment(s)
during deployment and use of the device. (The means for measuring the peak loads
must be shown to be reliable, accurate, in caliiion, and appropriate for the type
of testing. If the means is a data acquisition system utilizing an ataldmital
converter, see appendix 3 of this TSO for guidance.) The use conditions shall
include, but not be limited to, those encountered in denstrating compliance
with the requirements of paragraphs4.3.1, 4.10, 4.11, 4.12, 4.13, 4.20, 4.21, 4.22,
4.23,4.28,5.2.4 and 5.8 of this appendix. The test load shall be applied to the girt
for 60 seconds. During the test, tearing of the girt is nategetable. Deformation
of the girtis acceptable if it would not prevent continued safe use of the device in
an actual evacuation.

5.6.2 Asymmetric Girt Tensile Load Test. A representative production configuration girt
shall be installed to produce an asyratric load in a tensile test machine and an
asymmetric load shall be applied. The girt shall be attached on one end using the
girt bar, or equivalent, and on the other end to the normal girt attachment means
to the inflatable device. The slide fabric to isth the girt attachment is bonded
shall be fastened to a steel plate designed to represent the inflatable to which the
girtis attached (See figure 6 of this appendix). The girt shall be able to withstand a
test load applied asymmetrically by pulling theed plate away from the secured
girt bar at a point even with the edge of the girt. The test shall be repeated for each
side of the device girt. The test load(s) is equal to the maximum expecigin
load multiplied by a factor of 1.5 (as required byragraph 4.8 of this appendix).
The inuse load shall be established by instrumenting each girt attachment to the
aircraft and measuring the forces transmitted to the attachment during
deployment and use of the device. (The means for measuring the peak oast
be shown to be reliable, accurate, in calibration, and appropriate for the type of
testing. If the means utilizes an analog to digital converter,sgg@endix 3of this
TSO for guidance.) The use conditiohallsinclude, but not be limited to, those
encountered in demonstrating compliance with the requirements of paragraphs
4.20,4.21, 4.28, 5.2.4 and 5.8 of this appendix. The test load shall be applied to the
edge of the girt for 60 seconds. During the teésgring of the girt is not acceptable.
Deformation of the girt is acceptable if it would not prevent continued safe use of
the device in an actual evacuation.
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Figure 6. Typical Girt Loading Test %

5.7 Attachment Means Test®ther Than a Girt. When the attachment means is other than
agirt, e.g., a number of narrow straps attached at different locationheraircraft, only
the straight tensile test is necessary for each of the straps. A representative production
configuration of each of the straps, including its attachment to the device and to the
airplane, shall be individually installed to produce a matric load in a tensile test
machine. Each strap shall be able to withstand a test load which is equal to the maximum
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5.8

5.9

expected iruse load multiplied by a factor of 1.5 (as required by paragraph 4.8 of this
appendix). The nuse load shall be establishég instrumenting each strap attachment

to atest module simulating the aircraft fuselage and measuring the forces transmitted to
that attachment during deployment and use of the device. The use conditions shall
include, but not be limited to, those encouwered in demonstrating compliance with the
requirements of paragraphs 4.3.1, 4.10,4.11,4.12,4.13, 4.20,4.21, 4.22,4.23,4.28,5.2.4
and 5.8 of this appendix. The test load shall be applied to the strap for 60 seconds. During
the test, tearing of the sap is not acceptable. Deformation of the strap is acceptable, if

it would not prevent continued safe use of the device in an actual evacuation.

Attachment Means Pontoon Loading Tests. If the device is equipped with outrigger
pontoons (also known asponsons) which can be inadvertently entered by evacuees
during an emergency evacuation, the following test shall be conducted on each side:

5.8.1 The device shall be installed at normal sill height and inflated to the minimum value
of the normal conditios pressure range.

5.8.2 Weights that represent 170 pound individuals shall be placed in the pontoon(s) at
the bottom outside area on one side of the device. The number of individuals to
be simulated shall be based on the length, in feet, of the occupjadikon of the
pontoon divided by 4.5. Any remainder from the division may be discarded.

5.8.3 An evacuee group of twenty persons shall jump into the device at an average rate
of 70 per minute (after the first jumper, the last 19 have 16 seconds to jutap in
the device). The evacuee group shall average at least 170 pounds per person. In
the case of multlane devices, the evacuees will jump only into the lane adjacent
to the loaded pontoon. The evacuees may be of any age, gender, and experience
level.

5.8.4 To pass this test, the means of attachment to the aircraft shall not tear or rip, and
no evacuee shall enter the pontoon area or fall off the device.

Hot & Cold Soak Test Protocol.

5.9.1 Stabilize the normally charged stored gas bottle to a tempeetii70 + 5 degrees
F, then, for the cold test only, reduce the stored gas bottle pressure to the
minimum dispatch pressure. As an alternate, the bottle may be charged directly to
the minimum dispatch pressure for the cold test. However, for mixad sy#ms,
the ratio of the gas mix must be maintained.

5.9.2 Thermally condition the device for at least 16 hours according to the following

table:
Hot Soak =160 (for all devices)
Cold Soak =-40 (for devices installed iiné pressurized cabin)
Cold Soak =-65 (for devices installed outside the pressurized cabin)

5.9.3 Deploy the device into ambient temperature conditions (typically defined as
between 65 and 85 degrees F) from the appropriate airplane door or a suitable
airplane door mockip or module, within 10 minutes after removal from the
conditioning chamber.

5.9.4 To be considered acceptable, the unit should deploy and inflate into a useable
attitude and achieve minimum operating pressure in all inflation chambets b
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should not exceed the specified maximum operating pressure. The pressure
reading should be taken as soon as possible but no later than one minute after
deployment.
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APPENDIR TOETSEC6X ¢ GLOSSARY AERMS
ED Decision 2003/10/RM
critical angle (withrespect to buckling) the angle which the device makes with the ground at which
the maximum vertical load will be applied to the device by evacuees using it. The angle chosen should
be sufficient to permit attaining an evacuation rate of one person jpe&iosd per lane, but may not
exceed 30 degrees from horizontal.

dark of night conditions exterior lighting conditions in which the illumination measured normal to
the direction of the incident light does not exceed 0.005 foanhdles.

girt - the typical neans by which a device is attached to an airplane. It consists of a strong fabric
wrapped around a girt bar which is usually installed at the sill of the exit. The girt may be attached to
more than one of the device inflatable chambers.

high visibility cair - international orangeyellow or a bright oranggellow color similar to color
numbers 28915 or 38903 of table X in Federal Standard 595, Colors.

maximum operating pressuremaximum pressure (in each/every chamber) that may be reached after
the devicehas reached a usable attitude. Typically, this pressure is determined during the device
developmental process when evaluating all test conditions.

maximum sill_height the maximum height above the ground of the exit sill with the collapse of one
or more d the aircraft landing gear legs. Typically this is calculated using rational analysis.

minimum dispatch pressureminimum actual pressure required in the inflation system for dispatch
of the airplane. This inflation system pressure will inflate the dewicat least minimum operating
pressure under the cold soak conditions described in paragraph 5.8 ehdix lof this TSO.

minimum_operating pressureminimum pressure (in each/every chamber) at which the ewion
rate requirement of paragraph 4.10.1 appendix lof this TSO can be met.

minimum raft mode operating pressureminimum pressure required to meet the minimum design
buoyancy requirements of paragraph 4.2 6f2ppendix lof this TSO.

minimum sill height lowest height above the ground of the exit sill with the collapse of one or more
of the aircraft landing gear legs. Typically this is calculated using rationasiznaly

most critical angle (wind)the angle at which winds have the greatest adverse effect upon the device's
ability to convey evacuees safely to the ground, e.g., where there is the greatest lateral and/or
torsional displacement or buckling.

nominal opeating pressure the midpoint of the normal conditions pressure range.

normal conditions pressure rangethe range of pressures attained during typical deployments
conducted in accordance with paragraph 5b(1) of this TSO. The lower limit must not weéHawéhe
minimum operating pressure. The upper limit must not be more than the maximum operating
pressure.

normal sill height the height of the exit sill above the ground with all aircraft landing gear extended.
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APPENDIB TOETSEC6XC
MEASUREMENTFQ.OADS ON THE ATHMENTS) TO THE AIRPLANE

ED Decision 2003/10/RM

Data acquisition systems which utilize an analogligital (A/D) converter to process the electronic
signals from load cells must be configured to accurately record loads during a hestollbwing
parameters are recommended for recording with an A/D converter system:

1. Sample Rate 20 Hz minimum
2.  Resolution 12 bits minimum
3.  Antialiasing prefiter 5 Hz low pass (0 td dB at 5 HZ),
-20 dB/decade rolloff at frequencies above #Hz

The signal amplifier should provide sufficient gain so that the expecteectié, or highest
anticipated value to be recorded, is at least 70 percent of the maximum input range of the doalog
digital converter (A/D). No post acquisition digititer, smoothing, or averaging algorithm may be
applied to the data.
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APPENDIX¥ TOETSEC6XC
CALORIMETESPECIFICATION ANIDLIBRATIONPROCEDURE

ED Decision 2003/10/RM

1. Scope. This procedure shall be used to calibrate all circular foil heatdingducers (Gardon
gauges). Calibration establishes the value of this product to the user.

2. Terminology. For definitions of general terms, refer to ASTM Standard C168. Definitions specific
to this procedure are:

a. Sensor Scale Facipthe ratio betweerthe incident heat flux and the transducer output
signal produced at the heat flux, expressed in W/cm2/mV or BT{9&tImV.

b. Sensor Sensitivitythe ratio between the transducer output signal and the incident heat
flux, expressed in mV/W/cmz2 or mV/BTit3fsec.

C. Calibrated Heat Flux Levethe maximum heat flux reached during the calibration cycle.

d. Calibration Standard Scale Factothe sensor scale factor for the reference standard
transducer used in calibration, expressed in W/cm2/mV or BT4tImV.

e. Emissivityg the ratio between total radiant energy absorbed by a plane surface and total
radiant energy incident on that surface, expressed as a value between 0.0 and 1.0.

3. Calorimeter Specifications.

a. One inch diameter, cylindrical, wateooled, Gardon gauge.

o

Calibration range approximately-& watts.
Foil diameter shall be 0.25 in.-€.005.
Foil thickness shall be 0.0005 in- 8/0001.

Foil material shall be thermocouple grade constantan.

-~ ® o o

Temperature measurement shak a coppeiconstantan thermocouple.

Copper center wire diameter of 0.0005 in- 6/0001.

> @

The entire face of the calorimeter shall be lightly coated with high temperature paint
having an emissivity of 0.94 or higher.

4.  Equipment and Supplies. Caéibions shall be performed using a 50 kW flat plate heater
furnace. The furnace shall be equipped with transducer mountings, water cooling lines and an
exhaust system of sufficient capacity to remove the heat of calibrations at 50 kW input power
totheplai S® ¢KS KSIFUSN akKlFftf oS I AN LKAUGS LXLFOS
08 M®pné YAYAYdzy fSyaidKeo 9f SOGNARO OdANNByid akl
the plate. An XY recorder with adjustable gains that has been calibratedre NIST standards
shall be mounted on a shelf on the front of the furnace. A reference transducer of approximately
the same full scale range as the test transducer shall be prepared and calibrated against a NIST
calibrated transducer. The coating on tkarface of the reference transducer shall be high
temperature paint, applied and cured according to the standard coating procedure for an
emissivity of 0.94 or higher.

5. Preparations for Calibration. The flat plate heater shall be prepared for calibsadi®follows:

a.  pyrolytic graphite transitions shall be attached to both ends of the flat plate heater with
rubber cement and the heater shall be centered and clamped evenly in the furnace;

b. the exhaust fan shall be turned on;
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c.  the heater shall be grdually heated electrically until all rubber cement burns away and
a good bond is achieved at both ends;

d. the heater shall be energized with sufficient electric current to produce a dull red heat;
and

e. uniformity of the flat plate temperature from sideo side and top to bottom shall be
observed on both sides.

If the flat plate temperature is neaniform, clamping forces shall be adjusted and, if necessary
the transitions reattached to achieve uniformity. The reference transducer shall be mounted on
onedARS 2F (GKS Ftld LIFGS KSIGSNE OSYGSNBR 20S
heater surface. The distance shall be set with a thickness gauge. Water cooling lines shall be
connected. The test transducer shall be coated with high tempeeapaint cured for an
emissivity of 0.94 or higher. It shall be mounted on the other side of the flat plate heater,
centered over the face of the heater and an equal distance from the heater surface. The
distance shall be verified with the same thickneasige. Water cooling lines shall be connected.

The water supply system shall be leak tested and reconnected if necessary. The output signal of
the reference transducer shall be connected to thax¥s input of the X recorder. The output

signal of the testransducer shall be connected to theaXis input. Recorder gains shall both be

set to 1.00.

0. Calibration Procedure.

a. Afresh sheet of graph paper shall be mounted in thé pécorder. X and Y zeros shall be
adjusted. The cooling water pump shall herted on, but not the exhaust fan.

b. If the full scale range of the test transducer is 50 BT or less, the potentiometer
control of the furnace shall be adjusted to approximately 150 percent of the full scale
heat flux value for the test transduceAfter a few seconds to stabilize temperatures, the
pen shall be dropped on the recorder, and the heat flux gradually reduced to zero. A
straight line trace from the upper right quadrant of the graph to the zero for both X and
Y should be recorded.

C. If the full scale range of the test transducer is greater than 50 BT\3ét2the recorder
pen shall be dropped and then the control of the furnace shall be slowly adjusted to
approximately 150 percent of the full scale value for the test transducer. Afierthe
pen shall be lifted and the furnace control quickly reduced to zero. A straight line trace
from the zero for both X and Y to the upper right quadrant should be recorded.

7.  Analysis.

a. The analysis will relate the sensitivity and scale factoheftest transducer to those of
the reference transducer, based on the slope of the graph recorded in step 6.

b. A straight line shall be drawn from X=0, Y=0 on the graph to fit the recorded trace. If this
line intercepts the righthand edge of the graphhe test transducer scale factor shall be
calculated by multiplying the intercept by the reference transducer scale factor. If the line
intercepts the top edge of the graph, the test transducer scale factor shall be calculated
by multiplying the referencerainsducer scale factor by 7 (the graph is 7 units high) and
dividing that result by the intercept.

c. The test transducer sensitivity shall be obtained by inverting the test transducer scale
factor.

d. The maximum heat flux level used in calibration shell calculated from the -¥xis
excursion on the graph. The scale factor of the reference transducer shall also be
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recorded. The reference transducer measures incident heat flux, so the calibration will
always be in terms of incident heat flux.
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ETSAC71

ED [2cision 2003/10/RMapplicable from 24.10.2003)
' AND 2Ny S {50/FCoA O fOSMBUNRIC f t 26SNI / 2y DS
(for Air Carrier Aircraft)
1 Applicability

¢tKAa 9¢{h IAABSE GKS NBIIdANBYSyia oKAOK I AND2N
that are mandiactured on or after the date of this ETSO must meet in order to be identified with
the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard
Standards set forth in the attach@hA Standar® 2 NJ a ! A N 2 Ny S {drdac
9f SOUNAOIFf t26SNI/2YDBSNUSNHZ RFEUSR ! LINR
3.1.2 Envionmental Standard
See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software
None
3.2 Specific
None
4 Marking
4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See GETSCubpart Aparagraph 3.
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FAASTANDARD ASSOCIATEOMETSEC71
FORAIRBORNISTATIOO a 505 / ¢H.BCTRICAOWERCONVERTER

ED Degiion 2003/10/RM

INTRODUCTION

CKA& LI LISN aSia F2NIK GKS YAYAYdzY LISNF2NXI yOS
power converter equipment then used as a part of a navigation or communication system.

Q)¢

Compliance with these standards is r@gd as a means of assuring that the equipment will
satisfactorily perform its intended function under all conditions normally encounted in routine
aeronautical operations.

Inasmuch as the measured values of a radio equipment performance characterisfibs méunction
of the method of measurement, standard test conditions and methods of test are also recommended
in this paper.

aLbLa;ja t9wChwa!b/9 {¢!b5!'w5{ Chw !Lw. hwb9 {¢!¢
CONVERTER

1.0 GENERAL STANDARDS
1.1 Ratings of Goponents

The equipment shall not incorporate its design any component of such rating that, when
the equipment is operated throughout the range of the specified environmental test, the
ratings established by the manufacturer of the component is exceeded.

1.2 Effects of Test

The design of the equipment shall be such that the application of the specified test
produces no discernable condition which would be detrimental to the reliability of
equipment manufactured in accordance with such design.

2.0 MINIMUM PERORMANCGTANDARDS UNDER STANDARD TEST CONDITIONS

The test procedures applicable to a determination of the performances of the airborne static
oab5/ U2 5/a0 StSOUNRMROIf LI ¢ SoNend Z yotRihAperNI S lj dzA L
2.1 Nominal Output Voltage and Current

The nominal output voltage and current shall not be less than that specified by the
Y ydzZFF QG dzZSNDR& NI GAy3dad CdNIKSNE G§KS Sljdz LIY
more output power tlan the manufacturers specified rating for a period of two (2) hours.

2.2 Regulation

Regulation under standard conditions shall not exceed 12%. For the purpose of this
standard, regulation is defined as:
o611 OMEOOWh ET AA6T 1 OMOCARD E TGO QA AA A
PYQ™Q pnimp
WE O 0@ w"QATO WO XA Q

2.3 Ripple

Ripple in the output DC voltage at maximum rated output load shall not exceed 1/10% of
the output voltage when smited by a 2 mfd capacitor and the ripple on the DC input
leads is equal to 2 volts peak to peak at a frequency of 400 cps. For equipment designed
for operation on 13.75 volts DC, the ripple on the input leads need not exceed 1 volt peak
to peak.
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2.4 Over \bltage

There shall be no permanent damage to any of the solid state devices (transistors) or the
components when the power converter is delivering full rated output power and is
subjected to the following over voltage conditions:

(@) The input DC voltage increased to 50% above the standard operating voltage for
a duration of not less than five minutes.

2.5 Short Circuit Conditions

There shall be no degradation of the power converter or its components as a result of a
sustained short circuit applied seely to each output of a multiple output power

converter, or simultaneously to all DC outputs for a period of not less than one minute.

Within five minutes after removal of the short circuit condition, the equipment shall be
capable of continuous operatfo | G G KS YI ydzFl OG dzZNENXRA& NI &SR
eight hours without, degradation of performance.

2.6 Emission of Radio Frequency Energy

The emission of radio frequency energy at discreet frequencies within the range of 90 kc
to 1500 Mc shall nogxceed 200 microvolts between any cable terminal to ground.

Note: It is recognized that the radio frequency emissions having a level considerably less
than the maximum permitted by the above standard are capable off interfering with the
operation of otherelectronic equipment in an aircraft installation. It is also recognized
that the method of reducing the level of emission of radio frequency energy to much
lower values are known. However, at the present state of the art, large and expensive
filters are ofen required in addition to the exercise of care in the mechanical and
electrical design of equipment. The end result is often a compromise between what is
desired and cost.

In view of the above, the emission standards were set at a level which can Hey riet
exercise of reasonable care in design and yet effect the reduction in the present overall
interference problem. Lower emission levels are desirable and it is, therefore,
recommended that the equipment manufacturers make a determined effort to reduce
the level of emission from electronic equipment, to the lowest practicable value below
that specified above.

2.7 Dielectric Strength

The equipment shall withstand without evidence of damage the application of a
sinusoidal voltage between each transfornoartput winding and frame for a period of

five seconds. The RMS value of the sinusoidal voltage applied shall be either five times
the maximum operating voltage existing across that winding during operation when
delivering full rated output, or 500 volts,hichever is greater. During the application of

this test, all diodes, transistors, and capacitors may be disconnected.

3.0 MINIMUM PERFORMANCE STAND ARDS UNDER ENVIRONMENTAL TEST CONDITIONS

The test procedure applicable to a determination of the perforneatradio equipment under
environmental test conditions are set, forth in RTCA PaperstdD0-60,

a9YBANRYYSY(l & AND2NYSNPAG SRRAANIDE] dzA LIYSy-B& a | Yy R
EC366 dated November 13, 1958. This paper outlines environmentdl pregedures for

equipment designed to operate under three environmental test conditions as specified therein

dzy RSNJ t NPOSRdNBa !'s .3 FYR / ® hyté |ANDB2NYS
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equipment which meets the operating requirements outithunder Procedure A or Procedure
B of this paper, as amended, is applicable under this standard.

The applicable electrical test procedures are set forth inJLJS v Rof this stahdard.

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Low Temperature Test

When the equipment is subjected to the low temperature test and, with primary power
voltage 10% less than standard test voltage applied, the following requirements shall be
met:

(@) The output voltage shall not vary more than 121/2% from that obtained at
standard test conditions.

(b) The requirements of paragraph 2.3 shall be met.
Altitude Test

When the equipment is subjected to the altitude test, the requirements of paragraphs
2.1, 2.2, and 2.3 shall be met.

Humidity Test

After subjection to humidityand within fifteen (15) minutes from the time primary power
is applied, the requirements of 2.1, 2.2, and 2.3 shall be met.

High Temperature Test

When theequipmentis subjected to the high temperature test and with primary power
voltage 10% higher #n standard test voltage applied, the following requirements shall
be met:

(@) The output voltage shall not vary more than 121/2% from that obtained at
standard test conditions.

(b) The requirements of paragraphs 2.1, 2.2, and 2.3 shall be met.
Temperdure Variation Test

When the equipment is subjected to the temperature variation tests, the requirements
of paragraphs 2.2 and 2.3 shall be met.

Vibration Test

When the equipment is subjected to the vibration test, the requirements of paragraphs
2.2 ard 2.3 shall be met.

Shock Test

(a) Following the application of 15 G shocks, the requirements of paragraphs 2.2 and
2.3 shall be met.

(b) Following the application of 30 G shocks, the power converter shall have remained
in its mounting by its intendedneans and no parts of the equipment or its
mounting shall have become detached and free from the equipment.*

Low Voltage Test

(@) When the primary power voltage(s) is 80% of the standard test, voltage(s), the
equipment shall operate electrically.
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(b) Gradual reduction of the primary voltage(s) from 80% to 50% of standard test
voltage(s) shall produce no condition detrimental to the reliability of the
equipment.

(c) Gradual reduction of the primary power voltage(s) from 50% to 0%, of standard
test, voltage(s) shall produce no evidence external to the equipment of the
presence of fire or smoke.*

* Test tests may be conducted after other tests are completed.
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FAASTANDARD ASSOCIATEOMETSGEC71¢ APPENDIA - TEST
PROCEDUREARBORNBTATIOO o 505 / .B8CTRICAPOWERCONVERTER

ED Decision 2003/10/RM

A. Power Input Voltage Unless otherwise specified, all tests shall be conducted with the power
input voltage adjusted to the design voltage within +2%. The input voltage shall be measured
at the power conerter input terminals.

Note: Design voltages in use as of the date of this report are 13.75 VDC and 27.5 VDC and
defined as standard condition.

B. Adjustment of Equipment. The equipment under test shall be properly adjusted in accordance
with the manufacttNE NQ& NBO2YYSYRSR LINF OGAOSa LINA2NJI G2

C. Test Equipment Precautions. Due precautions shall be taken during the conduct of these tests
to prevent the introduction of error resulting from the improper connection of nadters,
oscilloscopes and other test instruments across the input and output impedances of the
equipment under test.

D. Ambient Conditions. Unless otherwise specified, all its shall be conducted under conditions of
ambient room temperature, pressure andrnidity. However, the room temperature shall not
be lower than 10° C.

E. Warmup Period. Unless otherwise specified, all tests shall be conducted after a-warm
period of not less than fifteen (15) minutes.

F.  Connected Loads. Unless otherwise specifidideats shall be performed with the equipment
connected to loads having the impedance value for which it is desired.

TEST PROCEDURES

The test procedures set forth below are satisfactory for use in determining the performance of
FAND2NYS adbisO0SOABAOLEL BRASNI O2y PFSNII SNI Sljdzi LIYS
equivalent information may also be used.
T-1 Power Output

EQUIPMENT REQUIRED

Voltmeter ¢ Weston Model 931 or equivalent.

Ammeterc Weston Model 931 or equivalent.

MEASUREMENT PROCEDURE

Connect the power converter to the appropriate input power source with the ammeter in series

A ¥ 4 oA ~

GAGK (KS 2dzildzi FyR GKS @2f YSGSNI O02yySOGSR |
load shall be connected across the output(s). The output load impeddnaeeéd be adjusted to
G§KS Yl ydzZFl OGdzZNENRE aLISOATASR NIXdGAy3o

Determine that the nominal output voltage and current is at least that specified by the
manufacturer and that the equipment is capable of delivering at least 10% more output power 5
than the manufad dzZNBE NRa AaALISOAFASR NI uoAy3d F2NJ I LISNAZR

T-2 Regulation
EQUIPMENT REQUIRED
Voltmeter¢ Weston Model 931 or equivalent.

Ammeter¢ Weston Model 931 or equivalent.
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MEASUREMENT PROCEDURE
Connect the power converter to the appropriate input poveeurce with the ammeter in series

A ¥ 4 A x

GAGK GKS 2dziLdzi I'yR (GKS @2t G4 YSGSNI O2yySOGSR |
should be connected across the output(s).

Vary the load impedance from maximum rated load to 20% of maximum rated load and note
the output voltage(s) at these two load settings. Calculate the percent regulation using the
formula specified in paragraph 2.2.

T-3 Ripple
EQUIPMENT REQUIRED
Hewlett Packard Oscilloscope Model 150A or equivalent.
MEASUREMENT PROCEDURE

Connect the power awverter to the appropriate input power source with the power converter
delivering maximum rated load. Also connect a two (2) microfarad capacitor of the proper DC
working voltage across the output under test.

Using the oscilloscope as a peak to peak veltmgicating device, measure the ripple on the
output power source and all output voltage(s) when ripple on the DC input leads is equal to 2
volts peak to peak at a frequency of 400 cps or 1 volt peak to peak, whichever is applicable.

T-4 Overvoltage
EQUIMENT REQUIRED
Perkins Power Supply Model MR 1030A or equivalent.
MEASUREMENT PROCEDURE

(@) Connect the equipment to the Perkins Model MR 130& power supply with the
equipment delivering full rated output power. Increase the output voltage from the
Model MR 104€B0A power supply to 50% greater than the input voltage for which the
equipment is designed for a duration of five (5) minutes.

(b) Following this, determine that the output voltage and current is the same as that prior to
the application of tle overvoltage.

T5 Short Circuit Conditions
EQUIPMENT REQUIRED
Voltmeter ¢ Weston Model 931 or equivalent.
Ammeterg Weston Model 931 or equivalent.
MEASUREMENT PROCEDURE

With the power converter connected to the appropriate input power source and the etgiip
delivering full rated output power, apply a sustained short circuit separately to each output of
multiple output power converters or simultaneously to all DC outputs for a period of not less
than one (1) minute.

Following this, determinethattheeduly Sy & Aa OF LI} 6t S 2F RSt AGSNAY
output power for a period of at least eight (8) hours.

This test shall be conducted after the overvoltage test specified -4y Dvervoltage, is
completed.
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T-6 Emission of Radio Frequency Energy
EQUIMENT REQUIRED
Noise and Field Strength Meters as follows:
Stoddard models NA20B, NM5A, AM10A, and NMBOA or equivalent.
MEASUREMENT PROCEDURE

Connect the power converter to the appropriate input power source with the equipment
delivering full rated outpt power. The input power leads shall be from 10 to 12 feet in length,
normally terminated and cabled, and shall not be enclosed in conduit.

With the noise meter, measure the rf voltage developed between ground and each of the
primary input and power outpuleads, tuning the noise meter throughout the range of
frequencies from 90 kc to 1500 Mc.

T-7 Dielectric Strength
EQUIPMENT REQUIRED
Variable AC power source.
MEASUREMENT PROCEDURE

(@) Apply an ac voltage, at the frequency used in normal operation, betweeach
transformer output winding and frame for a period of five (5) seconds. The RMS value of
the sinusoidal voltage applied shall be either five (5) times the maximum operating
voltage existing across that winding during operation voltage deliveringgfidd output,
or 500 volts, whichever is greater.

(b) Following this, determine that the output voltage and current under full load conditions
is the same as that prior to the application of the tests.
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ETSO/2C

ED Decision 2003/10/Rfpplicable from 24.0.2003)
Individual Flotation Devices
1 Applicability

This ETSO gives the requirements which individual flotation devices that are manufactured on
or after the date of this ETSO must meet in order to be identified with the applicable ETSO
marking.

2 Procedires
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the attachdeederal Aviation Administration Standard
aLYRAGARdAzrf Ct20FGA2Yy 5S@PA0Saao

Where applicable, instead of the referenced FAA documents/paragraph the
corresponding IR, CS or ETSO document/paragraph shall be used, when available.

3.1.2 Environmental Standard
As given in the FAA Standard.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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FEDERAAVIATIONADMINISTRATIOSTANDARD
INDIVIDUALH.OTATIONDEVICES

ED Decision 2003/10/RM

1.0 Purpose.

2.0

3.0

To specify minimum performance standards fndividual flotation devices other than life
preservers defined in the TSC13 Series.

Types and Description of Devices.

This standard provides for the following two categories of individual flotation devices:

a.
b.

2.1

Inflatable types (compressed gadétion).
Noninflatable types.

2.0.1 Description of Inflatable Types. Inflation must be accomplished by release of a
compressed gas contained in a cartridge into the inflation chamber. The cartridge
must be activated by a means readily accessible aratlglmarked for its intended
purpose. The flotation chamber must also be capable of oral inflation in the event
of failure of the gas cartridge.

2.0.2 Description of Noninflatable Types. Seat cushions, head rests, arm rests, pillows,
or similar aircraft egipment are eligible as flotation devices under this standard
provided they fulfil minimum requirements for safety and performance.
Compression through extended service use, perspiration and periodic cleaning
must not reduce the buoyancy characteristicthase devices below the minimum
level prescribed in this standard.

Instructions for Use. Where the design features of the device relative to its purpose and
proper use are not obvious to the user, clear instructions must be visible under conditions
of emergency lighting.

Definitions.

The following are definitions of terms used throughout the standard:

a.
b.

Buoyancy. The amount of weight a device can support in fresh water at 85°F.

Flame Resistant. Not susceptible to combustion to the point of @geping a flame
beyond safe limits after the ignition source is removed.

Corrosion Resistant. Not subject to deterioration or loss of strength as a result of
prolonged exposure to a humid atmosphere.

4.0 General Requirements.

4.0.1 Materials and Process. Materials used in the finished product must be of the
guality which experience and tests have demonstrated to be suitable for the use
intended throughout the service life of the device. The materials and process must
conform to specifications selecteat prepared by the manufacturer which will
insure that the performance strength and durability incorporated in the prototype
are continued or exceeded in subsequently produced articles.

4.0.2 Fungus Protection. Materials used in the finished product mastain no nutrient
which will support fungus growth unless such materials are suitably treated to
prevent such growth.
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4.0.3 Corrosion Protection. Metallic parts exposed to the atmosphere must be corrosion
resistant or protected against corrosion.

4.0.4 Fre Protection. If the device is not used as part of a seat or berth, materials used
in the device, including any covering, must meet Paragraph 6.0.2 of this standard.
If the device is to be used as part of a seat or berth, all materials used in the device
must meet Paragraph 7.0.3 of this standard.

4.0.5 Temperature Range. Materials used in the construction of the device must be
suitable for the intended purpose following extended exposures through a range
of operating temperatures frorm0°F. to +140°F.

4.1 Design and Construction.

4.1.1 General. The design of the device, the inflation means if provided, and straps or
other accessories provided for the purpose of donning by the user must be simple
and obvious thereby making its purpose and actual use imatelyi evident to the
user.

4.1.2 Miscellaneous Design Features. The devices must be adaptable for children as well
as adults. The devices must have features which enable the users to retain them
when jumping into water from a height of at least 5 feet. &thment straps must
y2i LI aa o0SG6SSy GKS dzaSNRa €S3 F2N
circulation.

5.0 Performance Characteristics.

5.0.1 Buoyancy Standard. The device must be shown by the tests specified in paragraph
7.0.1to be capable of praling not less than 14 pounds of buoyancy in fresh water
at 85° F. for a period of 8 hours.

5.0.2 Utilization. The device must be capable of being utilized by the intended user with
ease.

5.0.3 Function Under Temperature Limits. The device must functiom ff40°F. to
+140°F.

6.0 Standard Tests.

6.0.1 Salt Spray Test Solution. The salt used must be sodium chloride or equivalent
containing on the dry basis not more than 0.1 percent of sodium iodide and not
more than 0.2 percent of impurities. The solution shibbe prepared by dissolving
20 2 parts by weight of salt in 80 parts by weight of distilled or other water
containing not more than 200 parts per million of total solids. The solution must
be kept free from iron solids by filtration decantation, or anlyer suitable means.

The solution must be adjusted to be maintained at a specific gravity of from 1.126
to 1.157 and a PH of between 6.5 and 7.2 when measured at a temperature in the
exposure zone maintained at 95°F.

6.0.2 Flame Resistance. Except for ded required to be tested in accordance with 7.0.3
the following applies: Three specimens approximately 4 inches wide and 14 inches
long must be tested. Each specimen must be clamped in a metal frame so that the
two long edges and one end are held securglye frame must be such that the
exposed area of the specimen is at least 2 inches wide and 13 inches long with the
free end atleast 1/2 inch from the end of the frame for ignition purposes. In case
of fabrics, the direction of the weave correspondingtie most critical burn rate
must be parallel to the I4hch dimension. A minimum of 10 inches of the specimen

Powered by EASA eRules Pagel760of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
x EASA Orders (C&ETSO) (Amendment 3) ETST2c

must be used for timing purposes, and approximately 1 1/2 inches must burn
before the burning front reaches the timing zone. The specimen mudbhg
enough so that the timing is stopped at least 1 inch before the burning front
reaches the end of the exposed area.

The specimens must be supported horizontally and tested in draft free conditions.
The surface that will be exposed when installedria &ircraft must face down for

the test. The specimens must be ignited by the Bunsen or Tirrell burner. To be
acceptable, the average burn rate of the 3 specimens must not exceed 4 inches per
minute. Alternatively, if the specimens do not support combustiafter the
ignition flame is applied for 15 seconds or if the flame extinguishes itself and any
subsequent burning without a flame does not extend into the undamaged areas,
the material is also acceptable.

7.0 Test Requirements.

7.0.1 Buoyancy Testing. €hflotation device, including all dress covers, fire blocking
layer (if used) and straps that would normally be used by a survivor in an
emergency, must be tested in accordance with either-gatagraph (a) or (b) of
this paragraph, as applicable, or anuaalent test procedure. The test may be
conducted using nonfresh water, or at a temperature other than 85° F., or both,
provided the result can be converted to the standard water condition specified in
Paragraph 5.0.1. The test may be conducted in opeedp or lake) or restricted
(swimming pool) water. The test specimen of noninflatable devices, such as pillows
or seat cushions, must either be preconditioned to simulate any detrimental
effects on buoyancy resulting from extended service or an incremaust rbe
added to buoyancy standard in Paragraph 5.0.1 sufficient of offset any reduction
in buoyancy which would result from extended service use.

a. Test Procedures Applicable to Inflatable Device and to Noninflatable Devices
made from Closed Cell Materidlhe device must be tested by submerging
it in water so that no part of it is less than 24 inches below the surface. It
must be shown that the buoyancy of the device is at least equal to the value
specified in paragraph 5.0.1 after submersion for at le&$tours, except
that the test may be discontinued in less than 8 hours if buoyancy
measurements taken at 4 successive 30 minutes intervals show that the
buoyancy of the device has stabilized at a value at least equal to the value
specified in Paragraph@®.1.

b. Test Procedure Applicable to Noninflatable Devices made from Cell Material.
The device must be completely submerged and must either support a human
subject or be attached to a mechanical apparatus that simulates the
movements characteristic of a nswimmer. During the test, the device
must be subjected to a squeezing action comparable to that caused by the
movements characteristic of a nonswimmer. It must be shown that the
buoyancy of the device is at least equal to the value specified in Paragraph
5.0.1 after testing for at least 8 hours, except that the test may be
discontinued in less than 8 hours if the buoyancy measurements taken at 4
successive 3fninute intervals show that the buoyancy of the device has
stabilized at a value at least equaltte value specified in Paragraph 5.0.1.

7.0.2 Salt Spray Testing. All metallic operating parts must be placed in an enclosed
chamber and sprayed with an atomized salt solution for a period of 24 hours. The
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solution must be atomized in the chamber at a rat& quarts per 10 cubic feet of
chamber volume per 2liour period. At the end of the test period, it must be
demonstrated that the parts operate properly.

7.0.3 Test for Fire Protection of Materials. Materials used in flotation devices that are to
be usal as part of a transport category aircraft seat or berth must comply with the
selfextinguishing fire protection provisions of § 25.853(b) of FAR Part 25. In all
other applications, the materials in the flotation devices must be tested in
accordance with &agraph 6.0.2 of this standard to substantiate adequate flame
resistant properties.

7.0.3.1 Test for Fire Blocking of Seat Cushions. Tests must be conducted in
accordance with Appendix F, Part Il of FAR Part 25.

7.0.4 Extreme Temperature Testing. Testsanbe performed to demonstrate that the
device is operable throughout the temperature range specified in Paragraph 5.0.3.
In performing these tests, preconditioning of test specimens must be accomplished
to simulate conditions of immediate use of the deviollowing an aircraft takeoff.

Note: An acceptable procedure for preconditioning may involve storage of the
device for 8 hours at the extreme temperatures specified, followed by
exposure to room temperature conditions for a period of time not to exceed
10 minutes.

Powered by EASA eRules Pagel78of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
x EASA Orders (C&ETSO) (Amendment 3) ETSAn7=

ETSAC73

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Static Electrical Power Inverter
1 Applicability

This ETSO gives the requirements which static electrical power inverters that are manufactured
on or after the date of this ETSO museehin order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the attachdeederal Aviation Administration Standard
a! AND2NYS {dFGAO 9t SOGUNROIET t26SNI LYyDSNI

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General

Marking is detailed in GSTSOSubpart Aparagraph 1.2; in addition to the markings
required by this paragraph, the instrument must be marked to indicate:

- rated terminal voltage, frequency and number of phases
- rated power in volts amperes
- output load power factor
- maximum operating altitude.

4.2 Specific
None.

5 Availability of Referencedocument
See CETSCBubpart Aparagraph 3.
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FAASTANDARD ASSOCIATEOMETSGC73

ED Decision 2003/10/RM
MINIMUM PERFORMANCE STANDARDS FOR AIRBORNE STATIC ELECTRICAL POWER INVERTERS

JULY 25, 1963
TABLE OF CONTENT
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B. TEST PROCEDURES
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MINIMUM PERFORMANCE SIDMRDS FOR AIRBORNE STATIC ELECTRICAL POWER INVERTERS

1.0 GENERAL STANDARDS

1.1 Purpose: To specify the minimum requirements for airborne static electrical power
inverters.

1.2 Scope: This standard provides the minimum performance criteria under envirgame
test conditions for static electrical power inverters intended to be used as a source of
continuous or emergency alternating current power.

1.3 Types of Inverters: This standard applies to static electrical power inverters with a
nominal input of 28 elts d.c. and an output of 115 volts, 400 cycles per second.

1.4 Definitions: The following are definitions of terms used throughout this standard:

a. Static electrical power inverter An equipment made of solid state electrical
components which producesn alternating current from a direct current source.

1.5 Ratings of Components. The equipment shall not incorporate in its design any
components of such rating that when the equipment is operated throughout the range
of the specified test, the ratings estlished by the manufacturer of the component are
exceeded.

1.6 Proof of Reliability. The design of the equipment shall be such that the application of the
specified test produces no condition which would be detrimental to the reliability of

equipment mangactured in accordance with such design.
2.0 REQUIRED PERFORMANCE UNDER ENVIRONMENTAL TEST CONDITIONS

The environmental test procedures applicable to a determination of the performance of the
airborne static electrical power inverter are set forth in ApgemA of this standard.

2.1 Power Output: With rated input voltage, the power output shall not be less than that
ALISOATASR Ay (GKS YIydFZFlFOGdzZNBENRA NI GAy3IoD
manufacturer shall establish the following:

a.  Minimum output bad power factor.
b.  Any special temperature control requirements.
C. Conditions of electrical loading including tolerance limits.

The inverter shall be capable of delivering at least 10 percent more output than the
specified rating for a period of two hasiwithout damage.

The inverter under the conditions of paragraph 2.2b. shall deliver 90 percent of the rated
load for a period of 5 minutes.

2.2 Voltage Input: The rated input voltage, as measured at the inverter input terminals, shall
be 28 volts d.c. Thinverter shall:

a. Be capable of continuous operation under full load without degradation of
performance over an input voltage range of +2 volts.

b.  Operate electrically at an input voltage of 20 volts.

c.  Withstand, without damage, input voltage transis of 88 volts for a time period
of 1 millisecond.
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2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

NOTE: For complex electrical systems the specified transient overvoltage canrise to much higher
values over the time period of 1 millisecond or longer. For such applications conservative values
of transient overvoltage are recommended.

Frequency: The frequency of the inverter under all conditions of load and test
environment shall be 400 cycles per second +1 percent at the input voltages specified in
2.2a. and 2.2b.

Voltage Output: The average pt& output voltage, under the conditions of input
specified in 2.2a. and 2.2b. and under all conditions of test environment, shall be 115
volts a.c. +5 percen¥ percent

Waveform: The output waveform shall be substantially sinusoidal and containhass t
7 percent harmonic distortion under all load conditions not exceeding 110 percent rated
output

Phase Balance: Output phase voltages, for three phase units, shall not be unbalanced by
more than £5 percent when applied to balanced loads within a pofaetor range of
0.80. Displacement between phases shall be within the limits of 120° +5°.

Overload Capacity: The inverter shall be capable of withstanding, without damage, a
current overload of at least 150 percent for a time duration of 5 minutes.

Input Overvoltage: The inverter shall be capable of withstanding, without damage, input
overvoltage up to 130 percent of the rated input voltage for a time period of 5 minutes
while supplying full rated output power.

Short Circuit Conditions: Thevierter shall be capable of withstanding, without damage,
an output short circuit applied separately to each phase or simultaneously to all phases
for a time period of one minute. Within 5 minutes after removal of the short circuit
condition, the unit shalbe energized and run continuously for a period of at least 20
hours. During this period the unit shall, without degradation of performance, deliver the
specified output.

Dielectric Strength: The equipment shall withstand, without damage, the apialicat
1,500 volts r.m.s. 60 cycles between windings and between each winding and frame for
a time period of 1 minute.

NOTE : If this method of testing is not feasible, dielectric tests may be conducted on components
prior to final assembly or with the drcal components disconnected.

Altitude: The inverter shall provide continuous rated power, voltage, and frequency at
the maximum declared operating altitude for a period of 24 hours. Inverters intended for
locations in pressurized cabin areas alsallsprovide rated performance at an altitude

of 40,000 ft. for a time

Emission of Spurious Radio Frequency Energy: The levels of conducted and radiated
spurious radio frequency energy emitted by the inverter shall not exceed those levels
specified inAppendix A of RTCA Paper BA0DG108- Environmental Test Procedures
Airborne Electronic Equipment dated July 13, 1961, for Category A equipment.1 period
of two minutes without damage.

a. For inverters intended to be installed in pressurized areas, thainmim
acceptable declared operating altitude is 10,000 feet.
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b.  For inverters intended to be installed in unpressurized areas, the minimum
acceptable declared operating altitude is 30,000 feet.

APPENDIX a
ENVIRONMENTAL TEST PROCEDURES: ELECTRICANEGUEGTRICAL POWER INVERTERS
A. TEST EQUIPMENT STANDARDS

1. Test Facilities: The apparatus used in conducting the tests described in this Appendix
should be capable of producing the specified environmental conditions. The equipment
under test should nobccupy more than 50 percent of the volume of the test chamber.
Heat sources should be disposed so that radiant heat does not fall directly on the
equipment under test.

2. Measurement Tolerances: Allowable tolerances on test condition measurements are as
follows:

a. Temperature: Plus or minus 4° F.

b.  Altitude: Plus or minus 5 percent.

c.  Humidity: Plus or minus 5 percent relative.

d.  Vibration Amplitude: Plus or minus 5 percent.
e.  Vibration Frequency: Plus or minus 2 percent.

3.  Temperature stabilizationfemperature stabilization may be checked by a temperature
sensing device in good thermal contact with the largest centfadigited internal mass in
the equipment under test.

4, Deterioration: Deterioration or corrosion of any internal or external compasewvhich
could in any manner prevent the continued safe operation of the equipment during its
service life will constitute failure to meet the environmental test to which the equipment
was subjected.

B. TEST PROCEDURES

1. High Temperature Test: The equipntshall be placed within the test chamber and the internal
temperature of the chamber raised to 160°F. with an internal relative humidity of not more
than 5 percent. The item of equipment shall be maintained at 160° F. for a period of 50 hours.
While stil at this temperature, the equipment shall be operated to determine compliance with
the requirements of paragraphs 2.1 through 2.10. The temperature shall then be reduced to
prevailing room conditions and a visual examination conducted in accordanceavabnaph
A.4.

2. Low Temperature Tests:

a. Method | - The item of equipment shall be placed within the test chamber and the
chamber cooled to and maintained at a temperature -66°F. until temperature
stabilization (See paragraph A.3) or the equipmeneéched. While at this temperature,
the equipment shall be operated to determine compliance with the requirements of
paragraphs 2.1 through 2.10.
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Method Il (alternate to Method I} The equipment shall be placed within the test
chamber and the chamberooled to and maintained at a temperature e80°F. for a
period of 48 hours, at which time the equipment shall be examined in accordance with
paragraph A.4. The temperature of the chamber shall then be raised to 65° F. and
maintained for an additional 2hour period, or until temperature stabilization is reached
(See paragraph A.3), whichever is the longer. At the conclusion of this exposure period,
while at this temperature, the equipment shall be operated to determine compliance
with the requirements of pragraphs 2.1 through 2.10 and visually examined in
accordance with paragraph A.4.

3.  Temperature shock Tests

a.

Method I- The equipment shall be placed within a test chamber wherein a temperature
of 185°F. is maintained. The equipment shall be subgkdtethis temperature for a
period of 4 hours, at the conclusion of which, and within 5 minutes, the equipment shall
be transferred to a chamber having an internal temperature4fi° F. The equipment
shall be subjected to this temperature for a periodddfours. This completes one cycle.
The equipment may be restored to room temperature before starting the next cycle. The
number of complete cycles shall be three. At the conclusion of the third cycle, the
equipment shall be removed from the test chambeaa within a period of one hour
shall be operated to determine compliance with the requirements of paragraphs 2.1
through 2.10. A visual examination shall then be completed in accordance with paragraph
A.4.

Method Il (alternate to Method I} The equiprent shall be placed within the test
chamber and maintained for a period of at least one hour or until the equipment
performance stabilizes at a temperature of 77° £27°F. The chamber temperature shall
then be reduced te67°F. and maintained at this conditi for at least one hour or until

the equipment performance stabilizes. The internal temperature of the chamber shall
then be increased to 160° F. and maintained at this condition for at least one hour or until
the equipment performance stabilizes. Theamal temperature shall then be returned

to 77° = 27°F. The equipment shall then be operated to determine compliance with the
requirements of paragraphs 2.1 through 2.10.

4.  Humidity Tests

a.

Method | - The equipment shall be placed in the test chambed set up to simulate
installed conditions. The chamber temperature shall be between 68°F. and 100°F. with
uncontrolled humidity. During the first-Bour period the temperature shall be gradually
raised to 160°F. The 160°F. temperature shall be maintaihethg the next éhour
period. During the following Hour period, the temperature in the chamber shall be
gradually reduced to between 68°F. and 100°F, which constitutes one cycle. The relative
humidity throughout the cycle shall be not less than 95 petc The cycle shall be
repeated a sufficient number of times to extend the total time of the test to 240 hours
(10 cycles). At the conclusion of the 248ur period, the equipment shall be operated to
determine compliance with the requirements of paraghgj2.1 through 2.10 and a visual
examination made in accordance with paragraph A.4. Distilled or demineralized water
having a pH value of between 6.5 and 7.5 at 77°F. shall be used to obtain the desired
humidity. The velocity of the air throughout the testea shall not exceed 150 feet per
minute.

Method Il (alternate to Method B The equipment shall be placed in the test chamber
and set up to simulate installed conditions. The temperature in the chamber shall be 120°
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F. and the relative humidity ndess than 95 percent. The test conditions shall be
maintained for 360 hours. At the conclusion of this period, the equipment shall be
operated to determine compliance with the requirements of paragraphs 2.1 through
2.10. An examination in accordance witiragraph A.4 shall then be made.

5.  Altitude Test: The equipment shall be placed within the test chamber and the internal pressure
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chamber (irrespective of the testtalide) shall be65°F. The equipment shall be maintained at
this condition until the temperature stabilizes (See paragraph A.3). while at this condition, the
equipment shall be operated to determine compliance with the requirements of paragraphs 2.1
through 2.10.

0. Vibration Tests:

a.

Method | - (Applies to equipment which mounts directly on the structure of aircraft
powered by reciprocating, turbt or turbo-propeller engines and to equipment which
mounts directly on gas turbine enginesYhe test speimen shall be mounted on the
apparatus in a manner which is dynamically similar to the most severe condition likely to
be encountered in service. The test specimen shall be performing its function during the
entire test period whenever practicable. At tead of the test period, the test specimen
shall be inspected thoroughly for damage or defects resulting from the vibration tests.
The amplitude or acceleration for the frequency cycling test shall be within £10 percent
of the specified values. Vibratiordts shall be conducted under both resonant and
cycling conditions according to the following vibration test schedule (Table I):

TABLE 1 VIBRATION TEST SCHEDULE

-
Types
60 15 15
60 15 15

() Resonance Resonant frequencies of the test specimen shall be determined by
varying the frequency of applied vibration slowly through the specified range of
frequencies at vibratory accelerations not exceeding those shown ind-igur
Individual resonant frequency surveys shall be conducted with vibration applied
along each of any set of three mutually perpendicular axes of the test specimen.

Whenever practicable, functioning of the test specimen should be checked against
the requrements of paragraphs 2.1 through 2.10 concurrently with the operation
of scanning the frequency range for resonant frequencies. The test specimen shall
be vibrated at the indicated resonant conditions for the periods shown in the
vibrations test schedulgTable 1) and with the applied double amplitude or
vibratory acceleration specified in Figure |. These periods of vibration shall be
accomplished with vibration applied along each of three mutually perpendicular
axes of vibrations. When more than one reaahfrequency is encountered with
vibration applied along any one axis, the test period may be accomplished at the
most severe resonance or the period may be divided among the resonant
frequencies, whichever is considered most likely to produce failureweder, in

no instance shall the specimen be vibrated on any resonant mode for periods less
than half aslong as those shown for resonance in the vibration test schedule. When
resonant frequencies are not apparent within the specified frequency range, the
specimen shall be vibrated for periods twice as long as those shown for resonance
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in the vibration test schedule (Table I) at a frequency of 55 c.p.s. and an applied
double amplitude of 0.060 inch.

(i)  Cycling- For test specimens mounted on vibration &alrs, a vibration test shall
be conducted with a constant applied double amplitude of 0.060 inch and the
frequency cycling between 10 and 55 c.p.s. inoneute cycles. Vibration shall be
applied along each of three mutually perpendicular axes accotditite vibration
test schedule (Table ). For specimens which are to be installed in aircraft without
vibration isolators, a vibration test shall be conducted with the frequency cycling
between 10 and 500 c.p.s. inMBinute cycles at an applied double aliyde of
0.036 inch or an applied acceleration of + 10 g, whichever is the limiting value.
Vibration shall be applied along each of three mutually perpendicular axes
according to the vibration test schedule (Table ).

b Method I1- (Apply to equipment with mounts directly to reciprocating engines)he
test specimen shall be mounted on the apparatusin a position dynamically similar to the
most severe mounting likely to be used in service. Resonant frequencies of the test
specimen shall be determined byarying the frequency of applied vibration slowly
through the specified frequency range at vibratory accelerations not exceeding those
shown in Figure 1. Individual resonant frequency surveys shall be conducted with
vibration applied along each of any s#tthree perpendicular axes of the test specimen.
Whenever practicable, the functioning of the test specimen should be checked against
the requirements of paragraphs 2.1 through 2.10 concurrent with the operation of
scanning the frequency range resonantduencies. If resonant frequencies are
encountered, the test specimen shall be vibrated successively along each of three
mutually perpendicular axes for four hours at the resonant conditions with the applied
double amplitude or vibratory acceleration showin Figure I. When more than one
resonant frequency is encountered with vibration applied along any one axis, the test
period may be carried out at the most likely severe resonance, or the period may be
divided uniformly among the resonant frequencies,ie¥tever procedure is considered
most likely to produce failure. When clearly defined resonant frequencies are not
encountered with the specified frequency range, the test specimen shall be vibrated for
12 hours along each of its mutually perpendicular aatesn applied double amplitude or
0.018 inch and a frequency of 150 cycles per second.

The test specimen shall be performing its function during the entire test period whenever
practicable. At the end of the test period the test specimen shall be inspebtgoughly
for damage or defects resulting from the vibration tests.

7. Shock Test: The equipment shall be subjected to the shock conditions as normally used in
service, including any shock mount assembly. A Shock Testing Machine conforming to Military
Foecification MIES4456 is suitable for this test.

The test specimen should be subjected to 18 impact shocks of 10 g, each shock impulse having
a time duration of 11 = 1 milliseconds. The intensity should be within +10 percent when
measured with a filter &ving a band width of 5 to 100 cycles per second. The maximum g should
be reached in approximately 51/2 milliseconds. The shock should be applied in the following
directions:

a. Vertically, 3 shocks in each direction.
b.  Parallel to the major horizontal &x 3 shocks in each direction.

C. Parallel to the minor horizontal axis, 3 shocks in each direction.
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The test specimen should not suffer damage.

The equipment shall be operated to determine compliance with the requirements of
paragraphs 2.1 through 2.10.
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Figure I Range Curves for Vibration Tests
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ETSAC74d

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne ATC Transponder Equipment
1 Applicability

This ETSO gives the requirements which airborne ATC transponder equipment that is
manufactured onor after the date of this ETSO, must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Techncal Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

(i)  Equipment marked as Class 1A must be equipment intended for installation
in aircraft that operate at altitudes above 15000 feet and must meet the
minimum performance standards of the attachedCSRSNI t ! @A (
{GFYRIFENRE ! AND2NYyS ! ¢/ ¢ NI yaLRYyRSNJ
supplemented by this ETSO.

(i)  Equipment marked as Class 1B must be equipment intended for installation
in aircraft that operate at altitudes not exceeding 15000 feet and muesét
0KS YAYAYdzYy LISNF2NXIyOS aidl yRIFINRa 2°
IAND2NYS ! ¢/ ¢NIFyYaLR ydRENxDhdENSasS y G a &
amended and supplemented by this ETSO.

(i) Equipment marked as Clag8 must be equipment intended for installation
in aircraft that operates at altitudes above 15,000 feet and must meet the
minimum performance standards set forth in Section Il of Part Two of
EUROCAE document /WG9 (1971) with amendments 1 (April 19748) and
(January 2000) as amended and supplemented by this ETSO.

(iv) Equipment marked as Class 2B must be equipment intended for installation
in aircraft that operate at altitudes not exceeding 15,000 feet and must meet
the minimum performance standards set forin Section Il of Part Il of
EUROCAE document /WG9 (1971) with amendments 1 (April 1974) and 2
(January 2000) as amended and supplemented by this ETSO:

Exceptions

(i)  In lieu of the requirements in sgmaragraph Il A.9.a of Part Il of RTCA
document DQ@144, the reply characteristics apply over a received signal
amplitude range between minimum triggering level and a leve2bfibm.

(i)  The requirements specified in sylaragraph Il A.8.c of Part Il of RTCA
document D@L44 need not to be complied with:
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(i)  The requirements specified in syaragraph 11 A.16.b (2) and (3) of Part 11 of
RTCA document DDY4, in so far as they pertain to pressure altitude
information pulses, must be complied with only if complete altitude
reporting capability is provided.

(iv) The requirements specified in sylaragraph Il A.16.b (4), (5) and (6) of
Partll of RTCA document BEX24, must be complied with only if complete
altitude reporting capability is provided.

3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See C&ETSGubpart Aparagraph 2.2

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.

Powered by EASA eRules Pagel89of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC74c

APPENDIA TOETSEC 74 ¢ FEDERAAVIATIONADMINISTRATION
STANDARDAIRBORNRATCTRANSPONDERQUIPMENT

ED Decision 2003/10/RM

1.0 General Standards.

1.1 Operation of Controls. The design or the equipment must be such that the controls
intended for use during flight cannot be operated in any possible position combination,
or sequence thatvould result in a condition detrimental to the continued performance
of the equipment. Controls that are not normally adjusted in flight must not be readily
accessible in flight.

1.2 Operating Controls. In addition to such other operating controls as aeegsary,
controls must be provided to accomplish the following functions:

a Selection of reply codes

b. {StSOUA2y 2F oaildlyRo&d O2yRAUGAZ2Y D
c Selection of Modes 3/A and C combined.

d Activation of identification feature.

e. Removal of all information ps#s on the Mode C reply.

1.3 Effects of Test. Unless otherwise stated, the design of the equipment must be such that
the application of the specified tests produces no discernible condition that would be
detrimental to the continued performance of equipmemanufactured in accordance
with such design.

2.0 Minimum Performance Standards Under Standard Conditions.

The test conditions and definitions of terms applicable to a determination of the performance
of airborne ATC transponder equipment are set fortppendix A.

2.1 Receiver Operating Frequency and Bandwidth.
a. The receiver nominal center frequency must be 1030 MHz.

b.  With an input signal level 3 db above the minimum triggering level, the receiver
bandwidth must be such that the receiver acceptsspslas outlined in Appendix
A with an interrogating center frequency drift of £0.2 MHz.

c.  The skirt bandwidth must be such that the sensitivity of the receiveris at least 60
db down at +25 MHz and beyond.

2.2 Receiver Sensitivity and Dynamic Range.

a.  The minimum triggering level (MTL) of the transponder must be such that replies
are generated to 90 percent of the interrogation signals when

1. The two pulses P1 and P2 constituting an interrogation are of equal
amplitude and P2 is not detected; and

2. The amplitude of these signals received at the antenna end of the
transmission line of the transponder is nominally 71 db below 1 milliwatt
with limits between 69 and 77 db below 1 milliwatt.

b.  With the transponder adjusted to comply with paragraph a, thed@m triggering
rate (squitter) must not be greater than five reply pulse groups or suppressions per
second averaged over a period of at least 30 seconds.
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2.3

2.4

2.5
2.6

The variation of the minimum triggering level between modes must not exceed 1
db for nominal pulsespacings and pulse widths.

The reply characteristics apply over a received signal amplitude range between
minimum triggering level and 50 db above that level.

The standards of this section assume a transmission line loss of 3 db and an
antenna perfemance equivalent to that of a simple quarter wave antenna. In the
event that these assumed conditions do not apply, the equipment must be
adjusted as necessary to provide a sensitivity equivalent to that specified.

Spurious Responses. All spuriouspmses, including response to image frequencies,
must be such that the response to such signals is at least 60 db down from the normal
sensitivity of the receiver.

Interrogation. The equipment must accept and reply to interrogations on at least Modes
3/A and C.

NOTHnterrogation Modes B and D as defined in Figure 1 have been agreed upon
internationally and their use may be specified for certain flight operations. These modes
may be provided as optional features on transponder equipment.

Sidelobe Sippression. The equipment must provide sldbe suppression.

Decoding Performance.

a.

Conditions Under Which Transponder Must Reply. When selected to reply to a
particular interrogation mode, and with a signal amplitude range from the
minimum triggenng level to 50 db above that level, the transponder must reply to
at least 90 percent of the interrogations when all of the following conditions are
met:

(1) Either the received amplitude of P1 is in excess of a level of 9 db above the
received amplitude DP2 or no pulse is received 2 +0.7 microsecond
following P1.

(2) The received amplitude of P2 is in excess of a level 1 db below the receiver
amplitude of P3 but no greater than 3 db above the received amplitude of
P1.

(3) The received amplitude of a prepinterrogationis more than 10 db above
the received amplitude of random pulses where the latter are not
recognized by the transponder as P1, P2 or P3.

Conditions Under Which Transponder Must Not Reply. Over the signal amplitude
from the minimum trig@ring level to 50 db above this level, the transponder must
not reply to more than 10 percent of the interrogations under either of the
following conditions:

(1) The interval between interrogation pulse P1 and P3 differ from the specified
spacing for the articular mode setting by more than £1.0 microsecond.

(2) The interrogations consist of single pulses. However, this does not apply to
those combinations of single pulses that occur at the selected interrogation
spacing or to single pulses that have amylé variations approximating
anormal interrogation condition.
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Sidelobe Suppression. The transponder must be suppressed for a period of 35 +10
microseconds following receipt of a pulse pair of proper spacing and amplitude
indicative of siddobe interragation. This suppression action must be capable of
being reinitiated for the full duration within 2 microseconds after the end of any
suppression period. The transponder must be suppressed with a 99 percent
efficiency over a received signal amplitude rahgéveen 3 db above minimum
triggering level and 50 db above that level and upon receipt of properly spaced
interrogations when the received amplitude of P2 is equal to or in excess of the
received amplitude of P1 and spaced 2.0 £0.15 microsecond from P3.

2.7 Transponder Discrimination and Desensitization.

a.

Pulse Width Discrimination. Received sighals of amplitude between minimum
triggering level and at least 6 db above this level, and of a duration less than 0.3
microsecond, must not cause the transponde initiate more than 10 percent
reply or suppression action. With the exception of pulses having amplitude
variations approximating a normal interrogation or suppression pulse pair
condition, any pulse of a duration more than 1.5 microseconds mustawsgecthe
transponder to initiate reply or suppression action over the signal amplitude range
from the minimum triggering level to 50 db above that level.

Echo Suppression and Recovery.

(1) Echo suppression desensitization. Upon receipt of any pulse thare0.7
microsecond in duration (desensitization pulse), the receiver must be
desensitized by an amount that is within at least 9 db of the amplitude of
the desensitizing pulse but must at no time exceed the amplitude of the
desensitizing pulse except rfaovershoot during the first microsecond
following the desensitizing pulse.

(2) Recovery. Following desensitization, the receiver must recover sensitivity
(within 3 db of minimum triggering level) within 15 microseconds after
reception of a desensitizingufse having a signal strength up to 50 db above
minimum triggering level. Recovery must be nominally linear at an average
rate not exceeding 3.5 db per microsecond.

(3) Narrow pulses. Single pulses of duration less than 0.7 microsecond must not
cause desesitization of duration or amount greater than that permitted in
subparagraphs (1) or (2).

Dead Time.

(1) After reception of a proper interrogation, the transponder must reply to no
other interrogation for the duration of the reply pulse train. This deésne
must end no later than 125 micreeconds after the transmission of the last
reply pulse of the group.

(2) The dead time of the transponder created by means other than normal
interrogations shall not exceed a period or more than 2,500 microseconds
duration at a maximum duty cycle of 4.5 percent.

Reply Rate Control. A sensitivigduction type reply rate control must be
provided. The range of this control must permit adjustment of the reply rate to any
value between 500 replies per second and tmaximum rate of which the
transponder is capable, or 2,000 replies per second, whichever is the lesser,
without regard to the number of pulses in each reply. Sensitivity reduction in
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excess of 3 db must not take effect until 90 percent of the selected mepé is
exceeded. The sensitivity must be reduced by at least 30 db when the rate exceeds
the selected value by 50 percent. The reply rate limit must be set at 1,200 replies
per second or the maximum value below 1,200 replies per second of which the
transponder is capable.

2.8 Transponder Reply Rate Capability.

a.

For equipment intended for installation in aircraft that operate at altitudes above
15,000 feet, the reply rate capability must be a least 1,200 reply groups per second
for a 15 pulse coded repl

For equipment intended for installation in aircraft that operate at altitudes not
exceeding 15,000 feet, the reply rate capability must be at least 1,000 reply groups
per second for a 15 pulse coded reply.

2.9 Transponder Reply Code Capability. Tpanslers must provide the following code
capaubility:

a.
b.

C.

Framing pulses (see par. 2.13a.).

Information pulses in all combinations of the A, B, C and D subscript groups, to
create 4096 codes (see para. 2.13b.).

Special position identification pulse (bfkee par. 2.13c.).

2.10 Reply Transmission Frequency. The center frequency of the reply transmission must be
1090 +£3 MHz.

2.11 Transmitter Power Output

a.

For equipment intended for installation in aircraft which operate at altitudes above
15,000 feet, he peak pulse power available at the antenna end of the transmission
line of the transponder must be at least 21 db and not more than 27 db above 1
watt at any reply rate up to 1,200 per second for aplise coded reply.

For equipment intended for inatlation in aircraft which operate at altitudes not
exceeding 15,000 feet, the peak pulse power available at the antenna end of the
transmission line of the transponder must be at least 18.5 db and not more than
27 db above 1 watt at any reply rate up t@200 per second for a }ulse coded

reply.

The standards of this section assume a transmission line loss of 3 db and an
antenna performance equivalent to that of a simple quarter wave antenna. In the
event that these assumed conditions do not applye tequipment must be
adjusted as necessary to provide a transmitter power output equivalent to that
specified.

2.12 Reply Delay and Jitter

a.

The time delay between the arrival, at the transponder input, of the leading edge
of P3 and the transmission of theading edge of the first pulse of the reply must
be 3 £ 0.5 microseconds.

The jitter or the reply pulse code group with respect to P3 must not exceed +0.1
microsecond for receiver input levels between 3 and 50 db above the minimum
triggering level.
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C.

Delay variations between modes on which the transponder is capable of replying
must not exceed 0.2 microseconds.

2.13 Reply Transmission Pulse Characteristics.

a.

Framing Pulses. The reply function must employ a signal comprising two framing
pulses space@0.3 microseconds measured leadiedge to leadingedge at half
voltage points, as the most elementary code.

Information Pulses. Information pulses spaced at intervals of 1.45 microseconds
measured leadingdge to leadingedge at the halfoltage poins with the first
pulse positioned 1.45 microseconds after the first framing pulse must be provided.
The designation of these pulses and their position with respect to the first framing
pulse is as follows:

G 1.45
A 2.90
G 4.35
A 5.80
G 7.25
Ay 8.70
X* 10.15
B 11.60
D1 13.05
B 14.50
Dz 15.95
B4 17.40
Dy 18.85

* The X pulse is referenced here for possible future use.

NOTEDetails and nomenclature of the transponder reply pudseles are set forth in
Appendix A.

Special Position Identification Pulse (SPI).

In addition to the information pulses provided, a special position identification
pulse, which may be used with any of the other information pulses upon request,
must be povided at a spacing 4.35 microseconds following the last framing pulse.
When replying to any mode of interrogation to which the transponder is capable,
except Mode C, the selection of the SPI pulse must be initiated by an IDENT switch.
Upon activation ofthe IDENT switch, the SPI pulse must be transmitted for a period
between 15 and 30 seconds and must be repeatable at any time.

Reply Pulse Shape. All reply pulses and SPI pulses must be 0.45 +0.10 microsecond
in duration and have rise times of from 0.@50.1 microsecond and decay times

of from 0.05 to 0.2 microsecond. The pulse amplitude variation of one pulse with
respect to any other pulse in a reply train must not exceed 1 db. The rise and decay
time may be less providing the sideband radiation iggneater than that which

would be produced theoretically by a trapezoidal wave having the stated rise and
decay time.
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3.0

e. Reply Pulse Spacing Tolerances. The pulse spacing tolerances for each pulse
(including the last framing pulse) with respect to thetfiraming pulse of the reply
group must be £0.10 microsecond. The pulse spacing tolerance of the special
position identification pulse with respect to the last framing pulse of the reply
group must be +0.10 microsecond. The pulse spacing tolerance olutsyip the
reply group with respect to any other pulse (except the first framing pulse) must
be no more than +0.15 microsecond.

2.14 PressureAltitude Transmission. The equipment must have the capability for automatic
pressure altitude transmission in 18@ot increments on Mode C when operated in
conjunction with a pressure altitude encoder (digitizer). The equipment must be capable
of automatic reply to Mode C interrogations with combinations of information pulses
coded in binary form in 10fbot increments necessary for the equipment to operate up
to design maximum altitude. The transponder must be provided with a means to remove
the information pulses from the Mode C reply when requested by Air Traffic Control. The
transponder must continue transmittinghe framing pulses on Mode C when the
information pulses have been removed or are not provided. Automatic pressure altitude
transmission codes pulse position assignment are set forth in figure 2.

2.15 Self Test and Monitor. If a self test feature or moniis provided, the devices that radiate
test interrogation signals or prevent transponder reply to proper interrogation during the
test period, must be limited to intermittent use which is no longer than that required to
determine the transponder statud.he test interrogation rate must not exceed 450 per
second and the interrogation signal level at the antenna end of the transmission line must
not exceed a level 610 dbm.

2.16 Antenna. The equipment antenna radiation pattern must be predominantly \adktic
polarized and be essentially omnidirectional in the horizontal plane with a nominal
vertical beam width of at least £30 degrees from the horizontal plane. The voltage
standing wave ratio (VSWR) produced on the antenna transmission line by the antenna
must not exceed 1.5:1 when operating on the radio frequencies of 1030 and 1090 MHz.

2.17 Interference Suppression Pulse Response. If the equipment is designed to accept and
respond to suppression pulses from other electronic equipment in the aircrafiqabkd
it while the other equipment is transmitting), the equipment must regain normal
sensitivity, within 3 db, not later than 15 microseconds after the end of the applied
suppression pulse.

2.18 Emission of Spurious Radiofrequency Energy. The levelsndiiced and radiated
spurious radiefrequency energy emitted by the equipment must not exceed those levels
specified in Appendix A of RTCA Document No-mD©Oy Sy A (Gf SR a9y @A
Conditions and Test Procedures for Airborne Electronic/ Electricapiagot and
LyadNHzySyda>sa RIFEFGSR WdzyS HTIZ mMpcy d

Minimum Performance Standards Under Environmental Conditions.

Unless otherwise specified, the test procedures applicable to a determination of the
performance of airborne ATC transponder equipment underrenmental conditions are set

forth in RTCADocumentNo. B0y Sy GAGf SR a9y GANRYYSyidltft /2y
FT2NI ' AND2NYS 9f SOUNRYAOKI9Ef SOUNAOFTE 9ljdALIYSY U

3.1 TemperatureAltitude

a. Low Temperature.
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1)

()

Whenthe equipment is subjected to this test, the standards of the following
paragraphs must be met: 2.1a; 2.2, except that at temperatures below
15°C., the sensitivity must not be less th&® dbm and the variation of
sensitivity of the receiver between anyode on which it is capable of
operating must be less than 2 db; 2.6a(1); 2.6b(1); 2.6c; 2.7b; 2.7c; 2.10;
2.11; 2.12. except that at temperatures belows°C., the delay variation
between modes on which the transponder is capable of replying must be
lessthan 0.4 microsecond; 2.13c; 2.13d; and 2.13e.

Following the low temperature test, the requirements of paragraph 2.16
must be met.

High Temperature.

1)

)

When the equipment is subjected to the high shtirhe operating
temperature test, the equipmen must operate electrically and
mechanically.

When the equipment is subjected to the high operating temperature test,
standards of the following paragraphs must be met: 2.1a : 2.2. except that
at temperatures above +40°C., the sensitivity must notess than69 dom

and the variation of sensitivity of the receiver between any mode on which
it is capable of operating must be less than 2 db; 2.6a(1); 2.6b(1); 2.6¢; 2.7b
2.7¢; 2.10; 2.11; 2.12, except that at temperatures above +40°C., the delay
variation between modes on which the transponder is capable of replying
must be less than 0.4 microsecond; 2.13c; 2.13d: and 2.13e.

(3) Following the high temperature test, the requirements of paragraph 2.16
must be met.

Altitude.

(1) When the equipment is subgted to this test, the standards of the following

)

paragraphs must be met: 2.1a and b; 2.10; 2.11; and 2.13d.

Following the altitude test, the requirements of paragraph 2.16 must be
met.

d. Decompression (when required). When the equipment is subjettied
this test, the standards of paragraphs 2.1aandb; 2.10; 2.11: and 2.13a
must be met.

e.  Overpressure (when required). When the equipment is subject to this
test, the standards of paragraphs 2.la and b; 2.10; 2.11; and 2.13a
must be met.

3.2 Humidity. After being subjected to this test, the equipment must meet the following:

a.

Within 15 minutes from the time primary power is applied, the receiver sensitivity

must be within 3 db of that specified in paragraph 2.2, transmitter power output
must be within3 db of that specified in paragraph 2.11, and the requirements of
2.1a; 2.Ib; and 2.10 must be met.

Within 4 hours from the time primary power is applied, the standards of

paragraphs 2.1.a and b: 2.2; 2.10; 2.11; and 2.16 must be met.
3.3 Shock.
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3.4

3.5

3.6

3.7

3.8

3.9

a. Folowing the application of the 6G shocks, the standards of the following
paragraphs must be met: 2.1a; 2.2; 2.6a(1); 2.6c¢; 2.7b; 2.7¢: 2.10; 2.11; 2.12; 2.13c;
2.13d; 2.13e; and 2.16.

b. Following the application of the 15G shocks, the equipment must haivained
in its mounting and no parts of the equipment or its mounting become detached
and free of the shock test equipment. The application of the 15G shock test may
result in damage to the equipment. Therefore, this test may be conducted after
the other tests are completed.

Vibration.

a. When the equipment is subjected to this test, the standards of the following
paragraphs must be met: 2.1a; 2.2; 2.6a (1); 2.6b (1); 2.6c; 2.7b; 2.7c; 2.10; 2.11;
2.13c; 2.13d; and 2.13e.

b.  Following the vibration testthe requirements of paragraph 2.16 must be met.
Temperature Variation.

a. When the equipment is subjected to this test, the standards of the following
paragraphs must be met: 2.la; 2.2. except that at temperatures bel®# C. and
above +40°C. theessitivity must be not less tha®t9 dbm and the variation of
sensitivity of the receiver between any mode on which it is capable of operating
must be less than 2 db; 2.6a(1); 2.6b(1); 2.6c; 2.7b; 2.7c: 2.10; 2.11; 2.12, except
that at temperatures belowl5°C. and above +40° C. the delay variation between
modes on which the transponder is capable of replying must be less than 0.4
microsecond; 2.13c; 2.13d; and 2.13e.

b.  Following the temperature variation test, the requirement of paragraph 2.16 must
be met

Power Input Variation. When the equipment is subjected to this test, the standards of
the following paragraphs must be met 2.1a; 2.2; 2.6a; (1); 2.6b (1); 2.6¢; 2.7b; 2.7¢; 2.10;
2.11; 2.12; 2.13c; 2.13d; and 2.13e.

Low Voltage.

a. When the primay power voltage(s) of d.c. operated equipment is 80 percent and
when that of a.c. operated equipment is 871/2 percent of design voltage(s), the
equipment must operate electrically and mechanically.

b. D.c. operated equipment must meet the standards ofggmaphs 2.1a and b; 2.2:
2.10; and 2.11 within two (2) minutes upon returning the primary power voltage(s)
to design voltage, after the gradual reduction of the primary voltage(s) from 80
percent to 50 percent of design voltage(s).

c.  The gradual reductioof the primary power voltages of d.c. operated equipment
from 50 percent to 0 percent of design voltage(s) must produce no evidence of the
presence of fire or smoke. Paragraph 1.2 does not apply.

Conducted Voltage Transient. When the equipment is emibd to this test, the
standards of paragraphs 2.1.a and b: 2.2; 2.10; and 2.11 must be met.

Conducted Audio frequency Susceptibility. When the equipment is subjected to this test
the standards of paragraphs 2.1a and b; 2.2; 2.10; and 2.11must be met.
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3.10 Audio frequency Magnetic Field Susceptibility. When the equipment is subjected to this
test, the standards of paragraphs 2.la and 2.2b; 2.2; 2.10; and 2.11 must be met.

3.11 Radiofrequency Susceptibility (radiated and conducted). When the equipneent i
subjected to this test, the standards of paragraphs 2.1a and b; 2.2b; 2.10; and 2.11 must
be met

3.12 Explosion (when required). When the equipment is subjected to this test the equipment
must cause no detonation of the explosive mixture within the tdsimber.

3.13 Waterproofness (drip proof) Test (when required). After subjection to this test, the
standards of paragraphs 2.1; 2.2; 2.10; 2.11; and 2.13a must be met.

3.14 Hydraulic Fluid Test (when required). After subjection to this test, the standafrds
paragraphs 2.1; 2.2; 2.10; 2.11: and 2.13a must be met.

3.15 Sand and Dust Test (when required). After subjection to this test, the standards of
paragraphs 2.1; 2.2; 2.10; 2.11; and 2.13a must be met.

3.16 Fungus Resistance Test (when required). Aftdjestion to this test, the standards of
paragraphs 2.1; 2.2; 2.10: 2.11; and 2.13a must be met.

3.17 Salt Spray Test (when required). After subjection to this test, the standards of paragraphs
2.1;2.2; 2.10; 2.11; and 2.13a must be met.

APPENDIX A
1.0 Test Conditions.

The following definitions of terms and conditions of test are applicable to the ATC transponder
equipment.

a. Power Input Voltag®irect Current. Unless otherwise specified, when the equipment is
designed for operation from a direct currepower source, all measurements must be
conducted with the power input voltage adjusted to 13.75 volts, 2 percent fdrdl2olt
equipment, orto 27.5 volts, +2 percent for-28 volt equipment. The input voltage must
be measured at the equipment powatgdut terminals.

b. Power Input Voltaglternating Current. Unless otherwise specified, when the
equipment is designed for operation from an alternating current power source, all tests
must be conducted with the power input voltage adjusted to design galta2 percent.

In the case of equipment designed for operation from a power source of essentially
constant frequency (e.g, 400 Hz, the input frequency must be adjusted to design +2
percent. In the case of equipment designed for operation from a power safreariable
frequency (e.g., 350 to 1000 Hz, tests must be conducted with the input frequency
adjusted to within 5 percent of a selected frequency within the range for which the
equipment is designed.

c.  Adjustment of Equipment. The circuits of the equgnt under test must be properly
fA3ySR IyR 20KSN¥WAaS | R2dzaAiGSR Ay | O02NRI \
practices prior to the application of the specified tests.

d. Test Instrument Precautions. Due precautions must be taken during the condtiw of
tests to prevent the introduction of errors resulting from the improper connection of
headphones, voltmeters, oscilloscopes, and other test instruments across the input and
output impedances of the equipment under test.
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e. Ambient Conditions. Unlesstherwise specified, all tests must be conducted under
conditions of ambient room temperature, pressure and humidity. However, the room
temperature must not be lower than 10° C.

f. Warmup Period. Unless otherwise specified, all tests must be conducted aftarm
up period of not less than fifteen (15) minutes.

g. Connected Load. Unless otherwise specified, all tests must be performed with the
equipment connected to loads having the impedance value for which it is designed

h. Interrogation Test Signal. Tlebaracteristics of the interrogation test signal are:

Radio frequencyThe frequency of the signal generator oscillator must be 1030 MHz
#0.01 percent.

CW. output CW output between pulses must be at least 60 db below the peak level of
the pulses.

Interrogation: The interrogation must consist of two transmitted pulse designatethg

P;. When providing sidéobe suppression the basic interrogation is supplemented by
pulse Rtransmitted after R. The amplitude of fmust not be more than 1 db below the
radiated amplitude of R

Pulse codingThe interval, measured leading edge to leaekadge at half voltage points,
between R and R is as follows:

Mode 3/A 8 +0.2 microseconds.
Mode B 17 +0.2 microseconds.
Mode C 21 0.2 microseconds.
Mode D 25 +0.2 micoseconds.

The interval betweenfand B when B is used, must be 2.0 + 0.15 microseconds.

Pulse shapeThe pulse envelope as detected by a linear detector must have a shape
falling within the following limits:

(1) Pulse rise time: The time required ftire leading edge of pulses &d B, and B
to rise from 10 to 90 percent of its maximum voltage amplitude must be between
0.05 and 0.1 microsecond.

(2) Pulse fall time: The time required for the trailing edge of pulsedPRand P3 to
fall from 90 to D percent of its maximum voltage amplitude must be between 0.05
and 0.2 microseconds.

(3) Pulse duration: The duration of pulseg B, and B, must be 0.8 +0.1 microsecond
measured at the half voltage points.

i. Code Nomenclature. The code designationssist of four digits each of which lies
between 0 and 7, inclusive, and consist of the sum of the numerical subscripts of the pulse
employed as follows:

First A
Second B
Third C
Fourth D
Examples:
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1.  Code 3600 consists of informatipulses A A, B, B,
2. Code 2057 Consists of AG, G, Dy, D,, Di.

J- Minimum Triggering Level (MTL). Means the lowest level of signal to which the
transponder will reply to 90 percent of the received interrogations.
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Figure 1¢ ATCRBS, Interrogath modes and reply codes
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ETSAC76

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Fuel Drain Valves
1 Applicability

This ETSO gives the requirements which fuel drain valves that are manufactured on dieafter t
date of this ETSO, must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditins
3.1 Basic
3.1.1 Minimum Performance Standard
{GFyRINRA &S TrrdedalKviakioi AdinkiSrationiStahdgfikied R o
S5NXAy 2| f@dSaad RIFEUGSR hOU20SNI MXZ M@pcHOD
3.1.2 Environmental Standard

As stated in thé-ederal Aviation Administration Standard.

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Refereced Document

See CETSGubpart Aparagraph 3.
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4,

APPENDIX TOETSEC76C

FEDERAAVIATIONADMINISTRATIOBTANDARDFUELDRAINVALVES

ED Decision 2003/10/RM

PURPOSH:0 specify minimum requirements for fugtdain valves that are intended to drain
fuel or water from low points in aircraft fuel systems. Fluid discharge from the valve is intended
to be drained to a container for inspection.

SCOPEThis standard covers the requirements for acceptance of fugindsalves used as a
quick means of draining fuel or water from aircraft fuel systems. These valves are intended to
be used in fuel tank sumps, strainers and gascolators.

GENERAL REQUIREMENTS:

3.1

3.2

Materials. Materials shall be of a high quality whickperience and/or tests have
demonstrated to be suitable for use with aviation fuels having an aromatic content from
0to 30 percent. Synthetic rubber parts shall be age dated in accordance with ANA Bulletin
No. 438. All metals used in the construction eélfdrain valves shall be of corrosion
resisting type or shall be suitably protected to resist corrosion during the normal service
life of the valve.

Design and Construction.

3.2.1 Fuel Spillage. The drain valve shall be designed to permit operatibouspillage
or leakage of fuel on operating personnel.

3.2.2 Position Indication. Indication shall be provided for the open and closed position
of valves. The valve shall utilize detents or other suitable meansto retain the valve
in the fulkclosed pogion. When manually released from the open position, the
valve shall automatically return to the closed position.

3.2.3 Selflocking. The valve shall be provided with a means to prevent accidental
opening or opening due to vibration or air loads.

3.2.4 Sals. The valve shall be designed so that the inlet pressure does not tend to open
the valve, and so that the inlet pressure keeps the valve in the closed and sealed
condition.

3.2.5 Loss of Parts. Fuel drain valves shall be designhed to preclude the Ipast®f
Design consideration shall be given so that the main seal will remain in place and
prevent fuel leakage in the event of possible damage to or loss of the valve stem
from operational loads to be anticipated in service. If threaded fittings are
employed to support the valve, positive design provisions shall be included to
prevent operational loads from rotating the valve body out of its boss.

3.2.6 Screens. The design of the valve shall include no features, such as screens or
baffles, which could impathe valves effectiveness in draining fuel containing
water and other contaminants.

TEST CONDITIONS:

4.1

4.2

Atmospheric Conditions. Unless otherwise specified, all tests required by this standard
shall be conducted at an atmospheric pressure of approtety®9.92 inches of mercury
and at an ambient temperature of approximately 25° C.

Fluids. Unless otherwise specified, commercial grade aviation fuels shall be used for all
tests.
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TEST METHODS AND PERFORMANCE REQUIREMENTS:

5.1 Functional. This tesshall demonstrate the ability of the valve to meet the design
requirements specified in Sections 3.2.1, 3.2.2, 3.2.3, 3.2.4, and 3.2.5.

Flow Test. The drain valve shall be connected to a suitable container and the time
required to pass a 1 quart quattiof fuel shall be determined when conducted with a
maximum head of six inches of fuel. The time to flow 1 quart shall not take longer than 1
minute.

o

5.2

5.3 Leakage Tests.

5.3.1 Fuel Leakage. The fuel leakage test shall be conducted at pressures of fesw inch
of fuel, one p.s.i., 20 p.s.i., and 60 p.s.i. The pressure shall be applied to the drain
valve inlet with the valve in the closed position; there shall be no leakage.

5.3.2 Air Leakage. The air leakage test shall be conducted with the valve instadled in
suitable test setup so that the valve inlet port is covered by fuel. Air pressure
varying from O to five p.s.i. shall be applied to the valve outlet port with the valve
in the closed position. There shall be no air leakage evident.

5.4 Fuel Resistancand Extreme Temperature. The fuel resistance and extreme temperature

tests shall be conducted in accordance with the following table:

Fuel Resistance and Extreme Temperature Test Schedule

Test
Period 1/ Phase | Soak Phase | Dry Low Temperatire

Component 2/ Drained and blown dry, Mounted as would be

configuration

Test Fluid MIL-S3136, type 11
96 hours (4 days)

Ambient and test
fluid temperature.

158° +2° F. or the norme
operating temperature
of the systemin which
the componentis used,
whichever is higher.

Actuate conponent at
least4 cycles per dayir

normal condition as would
be expected under service
conditions, ports open.
None

24 hours

Circulating airat 1582 F.
or the normal operating
temperatureof the system
in whichthe componentis
used, whichever is higher.

None

expected under normal
service conditions

2/

MIL-S3136, type |

18 hours

Lower the fluid
temperature to maintain
- 67° £2°Fthen maintain
the fluid temperature at
-67° +2°F. for a minimun
of of 18 hours.

None

Operation or tests
during period

Operation or tests
immediately after
period

a normal manner.
Conductleakagetest, (a)

using MIES3136, type  for 5 cycles.
11 fluid. (b) Conductfunctional

Actuate components With temperature not
higher than-65F.,
conduct functional and

3/ and leakagetests, using leakage tests, using Mk
MIL-S3136, type Fuid. 3136, type | fluid.
3/ 3/

1) Each period shall follow immediately after the preceding one in the order noted.

2)  The component shall be maiiteed in such a manner as to insure complete contact of all nonmetallic
parts with the test fluid as would be expected under normal service conditions

3) No leakage is allowed at any time during the test except for the first 15 minutes of the |eakagditest o
dry cycle.
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5.5 Vibration.

5.5.1 Resonance. The valve shall be subjected to a resonant frequency survey of the
range specified in the following table in order to determine if there exists any
resonant frequencies of the parts. If resonance is encered, the valve shall be
successively vibrated along the three axes for four hours at the critical frequency.

5.5.2 Cycling. The valve, in the closed positions shall be mounted on a vibration device,
fluid pressure shall be applied to the inlet port. Ttadve shall be subjected to the
three vibration scanning cycle tests contained in the following table:

Scanningcycle
Axis of vibration
Fluid pressure
Scanningcycle
Numberof scanning
cycles per test
Procedure

Vibration Test

1 2 3
X Y Z
60 p.s.i. 60 p.s.i. 60 p.s.i.
15 min. 15 min 15 min.
2 2 2

The vibrationtest shall be conducted on the valve along three mutually
perpendicular axes herein referred to as the X, Y, and Z axes; the X axis bein
defined as lying along center lines of the valve. Theufeegy shall be uniformly
increased with respect to time through a frequency range from 10 to 500 c.p.s
an applied double amplitude of 0.036 inch up to 75 c.p.s. and from there an a|
vibration acceleration not less than £10g. The frequency baalimilarly
decreased suchthatthe complete cycle is accomplished inthe specified cycle

The test shall also be conducted at pressures of 1/2 p.s.i. and five p.s.i. There shall
be no fluid leakage during the test.

The test shall also be conductedth air pressure varying from-B p.s.i. gage at
the outlet port. Air leakage shall not exceed 10 cc. per minute of free air during the
five p.s.i. air suction test.

There shall be no evidence of damage to the valve or loosening of parts as a result
of the test.

5.6 Proof Pressure. The valve shall be in the closed position and shall be subjected to a fuel
pressure of 100 +2 p.s.i. for a period of one minute at the inlet port, with the outlet port
open to atmospheric pressure. There shall be no evidengegeohanent distortion or
other damage to the valve. There shall be no external leakage when the pressure is
reduced to 60 p.s.i.

5.7 Reliability Tests. (Cycling Operations)

5.7.1 Dry. The valve shall be dried in an oven at 158° +2° F. for four hours emdrth
the dry condition, be subjected to 2,000 complete cycles of operation.

5.7.2 Wet. The valve shall be moistened with fuel, supplied with a six inch head of fuel
and then be subjected to 6,000 complete cycles of operation.

5.7.3 Post Reliability Testipon completion of the cycling operations, the valve shall be
subjected to the Leakage Test. There shall be no leakage from any portion of the
valve as the result of the Reliability Test.
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ETSAC79

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Fire [etectors (Radiation Sensing Type)
1 Applicability

This ETSO gives the requirements which fire detectors (radiation sensing type) that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the attach&ederal Aviation Administration StandaxdC A N5
Detectorswl RAF GA2y {Syaiy3a ¢eLlSé¢x RIGSR al @&

3.1.2 Environmental Standard

l'a ALISOAFTFASR Ay CSRSNYft ! @AFGA2Y | RYAY
Radiation Serdsy' 3 ¢ & LIS ¢ @

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General

Marking is detailed in GST SGubpart Aparagraph 1.2; in addition, the operating voltage
for the detector shall be shown and tlempliance of the detector with the piston or
turbine engine requirements or both shall be designated®yT or-PT respectively, as
a suffix following the ETSO designation as ETEIP.

4.2 Specific
None.
5 Availability of Referenced Document
See GETSOSubpart Aparagraph 3.
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FEDERAAVIATIONADMINISTRATIOSTANDARD ASSOCIATEOMETSGC79
¢ HREDETECTORRADIATIONSENSINGYPE

ED Decision 2003/10/RM

1.0 Purpose. To specify minimum requirements for poplant fire detection instruments for use
in piston and turbine enginpowered aircraft, the operation of which subjects the instrument
to environmental conditions specified in paragraph 3.3.

2.0 Scope. This standard covers the requirements for acceptaficeN RAF G A2y &ASyaiy3
type fire detectors, intended for use in protecting aircraft powerplant installations, auxiliary
powerplants, combustion heaters, and other installations where fires may occur. For purposes
2F (KA R20dZyY§ViES aKKS t ¢ 064 IOPES RSNBR a4 (KS
components thereof.

2.1 Definition. Radiation sensing type fire detector is an instrument which will initiate an
alarm signal when exposed to radiant energy emitted by a flame. The detector and
as®ciated circuitry may be designed to be selective with respect to such factors as

spectral sensitivity, irradiance level at the detector, rate of rise of irradiance, or frequency
charcteristics of the fluctuations of irradiance (flicker) or other flamerabteristics.

3.0 General Requirements.
3.1 Materials and Workmanship.

3.1.1 Materials. Materials shall be of a quality which experience and/or tests have
demonstrated to be suitable and dependable for use in aircraft instruments.

3.1.2 Workmanship. Workmaship shall be consistent with higjrade aircratft
instrument manufacturing practice.

3.2 Blank.

3.3 Environmental Conditions. The following conditions have been established as design
minimum requirements. Tests shall be conducted as specified in paraggghand 7.
331¢SYLISNF GdINE® 2 KSy Ayaidl tftSR AY I 002 NF

recommendations, the instrument shall function over the range of ambient
temperatures shown in column A.

Instrument Location

Powerplant Compartment (Piston) -30 to 130C
Powerplant Compartment (Turbine) -30to 150 C
Pressurized Areas -30to 50 C

(Both types of engine 551070 C

Nonpressurized dexternal Areas
If the instrument is intended for use in compartments where the maximum
ambient temperature is higherhan 130° C for piston engines and 150° C. for
turbine engines or if ambient temperatures lower than those specified in column
A are anticipated, appropriate special limits shall be selected and specified by the
manufacturer.

3.3.2 Humidity. The instrumenshall function without adverse effect and shall not be
adversely affected when exposed to an atmosphere having any relative humidity
in the range from 0 to 95 percent at a temperature of approximately 70° C.
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3.3.3 Altitude. When installed in accordance Wit (4 KS Ay adNHzySyid Yl vy
instructions, the instrument shall function and shall not be adversely affected by
pressure conditions equivalent to those experienced over an altitude range of
1,000 feet to 50,000 feet. Altitude pressures are to be pe€CNAReport 1235.

334+ A0NF GA2yd 2KSYy AyalulftSR Ay | O02NRI yO!
instructions, the instrument shall function without adverse effect and shall not be

adversely affected when subjected to vibrations having the following
characeristics:

FrequencyCycles | Max. Double Maximum
Per Sec Amplitudein Inches] Acceleration

Piston Engines

Airframe Structure 5-500
Mounted

ShockMounted Panel |ESEs]0) 0.020 15g¢.
Powerplant Mounted RSES10]0) 0.100
Turbine Engines

Nacelk and Nacelle 5-1000 0.036 10g
Mounts, Wings,
Empenage andiVheel
WES

5-500 0.036 2g
5-1000 0.036 49
5-500 0.036 79

500-1000 CCCC 5¢

Vibration Isolated 5-50 0.020 15¢g

50-500 cc 05
5500 0.030 10g

3.3.5 Fluids and Sand. The instrument shall not be adversely affected by exposure to rain,
fuel, salt spray, oil, or sand.

0.050 10 g.

3.4 Radio Interference. The installation limitations imposasla result of radio frequency
emissions shall be determined and specified.

3.5 Magnetic Effect. The installation limitations imposed as the result of a magnetic field shall
be determined and specified.

4.0 Detail Requirements.

4.1 Indication Means. Thastrument shall be capable of actuating visual and/or aural alarm
indicators.

4.2 Reliability. The instrument shall be designed to withstand the mechanical and thermal
shocks, and stresses incident toits use in aircraft. False alarm signals shall hdtoesu
variations in voltage encountered during operation of the aircraft, abnormal altitudes,
contaminants in the atmosphere, ambient light conditions, acceleration forces
encountered during flight, landing and takéf. The fire detector shall not falsgarm
and the detector sensitivity shall not be appreciably affected by the ambient light in the
aircraft compartment in which the sensor is installed, under any combination of normal
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aircraft operating conditions and atmospheric conditions. Tests aimhedtarmining the
effects of the foregoing factors on detector reliability are described in paragraph 7.3.

4.3 Integrity Test Means. The instrument shall be designed to provide a means for testing the
continuity and functioning of the electrical circuitdlight.

4.4 Calibration Means. The instrument shall be designed so that all calibration means are
provided with tampesproof seals.

4.4.1 Adjustable Detector Systems. Instruments which incorporate an adjustment
means shall be tested to prove compliancéthwthis standard, particularly
paragraphs 7.1, 7.1.1 and 7.3 throughout the range of adjustability.

5.0 Test Conditions.

5.1 Atmospheric Conditions. Unless otherwise specified, all tests required by this standard,
shall be conducted at an atmospheric e of approximately 29.92 inches of mercury
and at an ambient temperature of approximately 25 C. and at a relative humidity of not
greater than 85 percent.

5.2 Vibration (To minimize friction): Unless otherwise specified, all tests for performance may
be conducted with the instrument subjected to a vibration of 0.002 to 0.005 inch double
amplitude at a frequency of 1,500 to 2,000 cycles per minute. The term double amplitude
as used herein indicates the total displacement from positive maximum to negative
maximum.

5.3 Vibration Equipment. Vibration equipment shall be such as to allow vibration to be
applied along each of three mutually perpendicular axis of the instrument at frequencies
and amplitudes consistent with the requirements of paragraph 3.3.4.

5.4 Power Conditions. Unless otherwise specified, all tests shall be conducted at a power
rating recommended by the manufacturer, and the instrument shall be in actual
operation.

5.5 Test Position. Unless otherwise specified, the instrument shall be moumnicteated in
its normal operating position.

6.0 Individual Performance Requirements. All instruments or components of such shall be
subjected to tests by the manufacturer to demonstrate specific compliance with this standard
including the following requinments where applicable.

6.1 Sensitivity and Calibration. The sensor shall be tested as specified in paragraph 7.1, to
determine the response sensitivity and calibration.

6.2 Dielectric. Each instrument shall be tested by the methods of inspection listed in
paragraphs 6.2.1 and 6.2.2.

6.2.1 Insulation Resistance. The insulation resistance between all electrical circuits
connected together and the metallic case shall not be less than 5 megohms when
200 volts d.c. is applied for five seconds. Insulation rasi measurements shall
not be made to circuits where the potential will appear across elements such as
windings, resistors, capacitors, etc., since this measurement is intended only to
determine adequacy of insulation.

6.2.2 Overpotential Tests. Equipmeshall not be damaged by the application of a test
potential between electrical circuits, and between electrical circuits and the
metallic case. The test potential shall be a sinusoidal voltage, of a commercial
frequency, with an r.m.s. value of five timégg maximum circuit voltage or per
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paragraphs 6.2.2.1 or 6.2.2.2, which ever applies. The potential shall start from
zero and be increased at a uniform rate to its test value. It shall be maintained at
this value for five seconds, and then reduced at #dowm rate to zero.

Since these tests are intended to insure proper electrical isolation of the circuit
components in question, these tests shall not be applied to circuits when the
potential will appear across elements such as windings, resistors, capg@tc.

6.2.2.1 Hermetically sealed instruments shall be tested at 200 volts r.m.s.

6.2.2.2 Circuits that operate at potentials below 15 volts are not to be subjected to
overpotential tests.

7.0 Qualification Performance Requirements. As many instrumexgsdeemed necessary to
demonstrate that all instruments will comply with the requirements of this section shall be
6§SaGSR Ay | OO2NRI yOSgAUGKGKSY!l ydzZF I Ol dzZNB NR &
shall be conducted consecutively in the order listashd after the tests have been initiated,
further adjustments to the instrument shall not be permitted. A false alarm signal occurring
during any of the tests shall disqualify the instrument. A response time test per paragraph 7.1
shall be conducted aftezach test, except paragraphs 7.2, 7.2.1, 7.2.3, and 7.14. In conducting
the test of paragraph 7.14, the instrument(s) tested need not be the same instrument(s) being
subjected to the entire series of qualification tests.

7.1 Response Time. The sensor lud instrument shall be exposed, at a distance of four feet
to a test flame produced by burning gasoline in a flat pan five inches in diameter and with
a flow of air of ten feet per second maximum. The temperature of the gasoline and the
pan at the start okach test shall not exceed 85° F. A nonleaded white gasoline shall be
used. The response time shall not exceed five seconds.

7.1.1 Saturation Test. The sensor shall be mounted facing downward approximately
three inches above the center of a flat pan, tveet in diameter, containing
gasoline to a level of 14hch from the bottom. The gasoline shall be ignited by a
source that cannot be detected by the sensor.. The response time shall not exceed
five seconds, and the system shall not clear the alarm wkip@sed to this test for
a period of one minute.

7.1.2 Repeat Response Time. The sensor of the fire detector shall be exposed to the
flame as described in 7.1 for a period of one minute. It shall then be prevented
from sensing the flame. Within five secandfter the alarm has cleared, the sensor
shall again be exposed to the flame. An alarm shall be signalled within five seconds.

7.2 False Alarm Due to Rate of Temperature Rise. The tests described in 7.2.1and 7.2.2 shall
be conducted in a temperatureontrolled airflow moving at a velocity of 250 feet per
minute plus or minus 25 feet per minute. The instrument for this test shall consist of a
control unit complete with the maximum number of sensors to be used with a single
control unit. An alarm signal sthaccur.

7.2.1 Local Temperature Rise. One sensor shall be subjected to various combinations of
rates of temperature rise and duration of those rates of rise shown in the shaded
area of Figure 3(a). The other sensors in the system shall be maintainetiziéa
room temperature. This test shall be conducted simulating conditions due to local
overheating. No alarm signal shall occur.

7.2.2 General Temperature Rise. The test described in 7.2.1 shall be repeated using
Figure 3(b) except that all the sensorsals be subjected to the temperature
variations simultaneously. The test shall be conducted simulating conditions due
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to a general temperature rise throughout the compartment where the sensors are
located. No alarm signal shall occur.

7.2.3 False Clearingf Alarm Due to Partial Extinguishment of Fire. With the instrument
arrangedto test the response time, in accordance with 7.1, the test flame shall be
applied for 30 seconds. The test flame shall then be masked so as to reduce its
effective area by appramately 50 percent. The alarm signal shall not clear. After
an additional 30 seconds, the flame shall be removed entirely, and the alarm signal
shall clear within 10 seconds.

7.3 Test Procedures to Establish Detector Reliability Under Special Environ@entitions.
The following test procedures shall apply to establish detector system reliability under
various adverse conditions. In conducting the tests, the system shall contain the critical
number of sensors for specific test conditions.

7.3.1 Blank.

7.3.2 Magnesium Flame. Using the test apparatus and setup given in paragraph 7.1 place
I ¢ AYyOK fSy3adGdK 2F YIFI3AySaAidzy NRooz2ys | LI
thick, at a point midway between the sensor element and the fire and in line with
the senso. Ignite the gasoline and while the alarm light is on, ignite the
magnesium. The alarm shall not clear while either the magnesium, the gasoline, or
both are burning.

7.3.3 Sunlight. The test shall be made with sunlight shining directly on the detector (no
through a closed window) and the sun shall be within 45° of the zenith so that the
slant path through the atmosphere will not be too long. The illumination shall be
5,000 footcandles or greater, with the light meter probe facing the sun. The
detector shall be exposed to sunlight for 30 seconds without actuating the alarm.

7.3.4 Chopped Sunlight. In this test, the sunlight (see 7.3.3) shall be modulated by a
shutter blade system over a frequency range of 100 cycles per second to O cycles
per second. Thifrequency range shall be swept out over a sufficient duration so
that there will be a dwell time of a few seconds in any frequency band over the
range. A satisfactory chopping arrangement would be a-fitaided shutter on the
shaft of a small universal wad motor operating from a Variac or other source of
adjustable voltage. The shutter blades must be large enough to obscure the sun
completely from the detector when they are in front of the detector, and blades
should be not more than 1 inch away from ttetector so that the light from the
sky itself will also be modulated. No alarms shall result from the above testing.

7.3.5 Sunsets and Signal Lights. An array of colored, incandescent light bulbs shall be
used to simulate the colorimetric properties ofrmets at several stages. (This test
would also take care of identification and marker lights, and red side of a beacon
light, and the anticollision light that flicks past the powerplants). The bulbs shall be
40-watt yellow, orange, and red ones such as &ahElectric Nos. 40 A/Y, 40 A/O,
and 40 A/R, or equivalent. The test is to be conducted in subdued room
illumination of not more than ondoot candle on the detector (too dim to read
fine print). The test shall comprise an exposure of the detector theathe three
lamps, at 3 feet, for 30 seconds each, without causing an alarm.

7.3.6 Restricted Light. The effect of sunlight and incandescent light on the instrument
when viewed through apertures of varying sizes shall be determined. The aperture
sizes my be chosen arbitrarily but should be representative of openings that might

Powered by EASA eRules Page211of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAn7c

7.4

7.5

7.6

be encountered in an aircraft installation (e.g. vents, scoops, and drains in engine
cowling, etc.)

NOTE. If the instrument false alarms during ambient light test requirements of
paragraphs 7.3.3, 7.3.4, 7.3.5, and 7.3.5, but otherwise qualifies, installation
limitations shall be determined and imposed. These limitations shall be clearly and
explicitly stated as part of the required data.

Vibration.

Resonance: The instrumenthile operating, shall be subjected to a resonant frequency
survey of the appropriate range specified in paragraph 3.3.4 in order to determine if there
exists any resonant frequencies of the parts. The amplitude used may be any convenient
value that does nbexceed the maximum double amplitude or the maximum acceleration
specified in paragraph 3.3.4.

The instrument shall than be subjected to vibration at the appropriate maximum double
amplitude or maximum acceleration specified in paragraph 3.3.4 at thenaggo
frequency for a period of one hour in each axis.

When more than one resonant frequency is encountered with vibration applied along
any axis, a test period may be accomplished at the most severe resonance or the period
may be divided along the resonanéquencies, whichever shall be considered most likely

to produce failure. The test period shall not be less thantloaki hour at major resonant
mode.

When resonant frequencies are not apparent within the specified frequency range, the
instrument shall kb vibrated for two hours in accordance with the vibration requirements
schedule (paragraph 3.3.4) at the maximum double amplitude and the frequency to
provide the maximum acceleration.

Cycling: The instrument, while operating, shall be tested with theueeqy varied
between limits specified in paragraph 3.3.4 inrhiute cycles for a period of one hour

in each axis at an applied double amplitude specified in paragraph 3.3.4 or an acceleration
specified in 3.3.4 whichever is the limiting value.

Water Spray. The instrument components which are to be located outside the
pressurized area of the aircraft shall be subjected to the following tests:

7.5.1 Simulated Rain. The component shall be subjected to a spray of water to simulate
rain for a period of thee hours. The component shall not be dried prior to testing,
per paragraph 7.1.

7.5.2 Salt Spray. The instrument components which are to be installed in exposed
portions of the aircraft shall be subjected to a finely atomized spray of 20 percent
sodium chbride solution for 50 hours. At the end of this period, the component
shall be allowed to dry and shall be tested per paragraph 7.1.

Humidity. The instrument shall be mounted in a chamber maintained at a temperature
of 70+2 C. and a relative humidity @+5% for a period of six hours. After this period,
the heat shall be shut off and the instrument shall be allowed to cool for a period of 18
hours in this atmosphere in which the humidity rises to 100% as the temperature
decreases to not more than 38 This complete cycle shall be conducted five times.
Immediately after this cycling, there shall be no evidence of damage or corrosion which
affects performance.
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7.7 Fuel and Oil Immersion. The instrument components which are to be installed in engine
compatments or other locations in the aircraft where they may be contaminated by fuel
or oil shall be subjected to the following tests:

7.7.1 Fuel Immersion. The component shall be immersed in normally leaded grade
100/130 gasoline or turbine engine fuel agpappriate, at room temperatare and
then allocated to drain for one (1) minute before being tested, per paragraph 7.1.
No cleaning shall be accomplished prior to conducting subsequent tests.

7.7.2 Oil Immersion. The test procedures outlined in paragraphl/siiall be conducted
with MIL-O-7808 oil (turbine engine oil) or SAE #50 (piston engine oil) as
appropriate.

7.8 Sand. The instrument components which are to be located in externally exposed portions
of the aircraft (such as in nacelles, wheel wells,)ethall be subjected to a sataden
FANBROGONSFY Ft2Ay3 G | O2yadlyd NXradS 2F uwm
airstream shall contain sand that has been sifted through arhBéh screen and the
particles shall come in contact with all extet parts of the component being tested. The
test chamber shall be equivalent to that shown in Figure 1.

7.9 High Temperature Operation. The instrument shall be subjected to the applicable higher
ambient temperature listed in Column A of table in paragr8@h 1 Temperature, for a
period of 48 hours (electrical equipment energized). Where the highest recommended
operating temperature exceeds those of Column A, this higher temperature shall be used.
The instrument shall meet, while at that temperature(sk fferformance tests described
in paragraphs 7.1 and 7.1.1.

710 [ 26 ¢ SYLISNI G dzZNB  h LIS NI
GKAIKSNES® ¢KS Ayad
described in paragraphsZand 7.1.1.

7.11 Altitude Effects.

7.11.1 High Altitude and Rate of Climb. The instrument shall be subjected to a pressure
that is varied from normal atmospheric pressure to an altitude pressure equivalent
to 50,000 feet at a rate of not less than 3,386t per minute. The instrument shall
be maintained at the altitude pressure equivalent to 50,000 feet for a period of 48
hours. The instrument shall then be tested per paragraphs 7.1 and 7.1.1 under the
conditions specified in the first sentence. Sealethponents shall not leak as a
result of exposure to the pressures stated herein. This shall be demonstrated by
immersion of sealed components in water or equivalent and by performing a leak
test.
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7.11.2Low Altitude. The instrument shall be subjectedthe same test as outlined in
paragraph 7.11.1, except that the pressure shall be maintained at an altitude
pressure equivalent tel,000 feet and the rate or pressure variation need not be
as specified therein.

7.11.3 Depressurization Test. The componeskéch are to be located in a pressurized
area shall be subjected to a pressure of 22 inches of mercury absolute for a period
of 15 minutes. The pressure shall then be reduced to 3 inches of mercury. This
reduction in pressure shall be effected in a timeipd not to exceed 10 seconds.
The instrument shall not false alarm while being subjected to this test.

7.12 Voltage Variation. The instrument shall be operated with the voltage varied between 75
and 110 percent of the rated voltage. The instrument shahtbe tested per paragraph
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7.1 under these conditions. Compliance with the provisions of paragraph 4.2 shall also be
demonstrated.

7.13 Clearance Time. The instrument shall be exposed to the flame as described in paragraph
7.1 and three determinations madof the time required for the signal to clear. This shall
be accomplished by obtaining a response, and immediately turning the instrument so
that it ceases to sense (view) the fire, and the time required for the signal to disappear
obtained. Thistime diri A2y Aa (GKS aOfSINIyOS GAYSEd |
During this test, the sensor shall be subjected to the most critical vibration (frequency
and amplitude conditions as determined in 7.4).

7.14 Fire Resistance. For instrument sensing componenttuding detectors and connecting
electrical wire, which are to be installed in a fire zone, tests shall be conducted to show
resistance to a completely enveloping flame of 1,100° C. minimum for two periods of one
minute each. The flame shall be as dfied in Figure 2. The sensor shall be cooled to
room temperature after each exposure to flame. The instrument shall then be exposed
to the same flame for a third time. An alarm shall be signalled in not more than five
seconds after each of the exposurd$e instrument shall produce alarm clearance in not
more than 45 seconds after the flame has been removed in the first two cases. Artificial
means of cooling the instrument shall not be used until after the alarm has cleared.

If the instrument does not coply with the fire resistance test requirements, but
otherwise qualifies, the instrument can be subjected for installation in locations where it
would not be subjected to flame. In this case, however, the instrument would be
restricted to this type of instiéation and any other limitations involved.

7.15 Radio Interference. Using Stoddard Models20B, NM5A, NM10A, NM50A or
equivalent noise and field strength meters, measure the RF voltage developed in the
various circuitry, tuning the noise meter througilt the range of frequencies from 90 kc.
to 1,500 mc. Peak readings in microvolts shall be recorded. When the peak reading is in
excess of 200 microvolts, then all readings above 200 microvolts shall be tabulated and
installation limits imposed accordingly

7.16 Magnetic Effect. Using a Kueffel and Esser Type 5600 or equipment magnetic compass,
determine the minimum distance between the instrument and compass without causing
a compass deflection of more than 5 degrees. In substantiating the minimum distance
compact readings shall be taken in each of the four quadrants of a plane passing through
GKS O02YLRyYySyi(iQa |EA&D
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Figure 1. Schematic Sand Test Arrangement (Ref. Section 7.8)
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Fimgure 2.2, StandardBumer

Standard Burner Assembly.

The complete standard burner assembly is shown @¢n EiL. Details of the components of this
assembly are given in Figs222-3, and 24.

Fig. 22 shows the details of the burner and the burner grill which consists of two plates connected by
1/8-inch copper tubes. Gas and Air are mixed in the burner daddravel upward through the tubes.

The burning takes place above the top plate of the burner. Cooling air is admitted to the burner
through the four 1/8inch pipetapped holes between the plates of the burner grill. This air passes
upward through the No38 drill holes in the top plate and serves as a means for controlling the overall
temperature of the flame. The location of the four lif&ch pipetapped holes is critical. They must be
located directly in line with the center row of HBch copper tubs in each of the four quadrants.
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Improper location of these connections will result in an unequal radial distribution of cooling air and
will affect the distribution of the flame temperature in a like manner.
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Firqure 2-4. Opifice Chambier

Fig. 23 shows the details of the burner lsWhen the two 11/3anchdiameter holes in the burner

plug are drilled, care should be taken that the center line connecting these holes will be at right angles
to the center line connecting the two 19/@dch diameter holes in the base. When these 11if3¢h
diameter holes are properly located the 19/#hdiameter holes cannot be seen when one looks
vertically downward into the burner base. This misalignment of holes aids in the mixing of the gas and
air before they ascend to the burner grill.

Fig. 24 shows the details of an orifice and of an orifice chamber. Three are required. Two of these
orifice chambers have end plates with the 3/®h Parker thread fittings on both ends and are
fastened directly into the burner base. The third orifice chamlzes &in end plate with a Parker thread
fitting on one end and the plate with four 1#ich diameter holes in the other end. This end of the
chamber is connected to the burner by four copper tubes, each 1/4 inch in outside diameter (OD) and
13 1/2 inches longOne of the orifice chambers connected to the base is for measuring the gas
supplied to the burner and has an orifice 5/32 (0.01625) inch in diameter. The other orifice chamber
connected to the base is for measuring the mixing air supplied to the bummethas an orifice 1/4
(0.25) inch in diameter. The third orifice chamber connected to the burner by foun@éOD copper
tubes is for measuring cooling air supplied to the burner and has an orifice 5/16 (0.3125) inch in
diameter. The gas should delivepproximately 2500 British thermal units (BTU) per cubic foot. The
burner should consume 26 cubic feet of gas per hour for the 2000°F (1100°C) flame. The flame
produced should be uniform and steady with no yellow tips.

The differential manometer reading$ the pressure drops across the orifice should be:
1. Gas orifice (5/32nch diameter), 0.99 inch of water.

2. Mixing-air orifice (1/4inch diameter), 9.25 inch of water.
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3.  Coolingair orifice (5/16inch diameter), 11.0 inches of water.

In order that theburner might produce the right amount of heat, the differential pressure for the gas
and the mixing air should be accurately controlled. A slight variation in the cooling air may be
necessary in order to obtain the proper temperature.
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ETSAC80

ED Decisin 2003/10/RM(@pplicable from 24.10.2003)
Flexible Fuel and Oil Cell Material
1 Applicability

This ETSO gives the requirements that flexible fuel and oil cell material which are manufactured
on or after the date of this ETSO must meet in order to be ifledtwith the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Sandards set forth in Federal Aviation Agency Standard, "Flexible Fuel and Oil Cell
Material", dated August 1, 1963 (sé@pendix ).

3.1.2 Environmental Standard
See C&ETSGubpart Aparagraph 2.1
3.1.3 Computer Software
None
4 Marking
4.1 General

Marking is detailed in GBSTSCbubpart Avaragraph 1.2; in addition, each flexible fuel and
oil cell material shall be legibly andrpganently marked with the following information:

()  Type of fluid for which approved, i.e. fuel, or MH6082 oil, or MILL-7808 oll,
(i)  For oil cell material, the minimum and maximum temperature limit,
(i)  For oil cell material, the edilution sutability.
4.2 Specific
None.
5 Avalilability of referenced documents
See CETSGubpart Aparagraph 3.
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APPENDIN TOETSEC80¢ FEDERAAVIATIONADMINISTRATIOSTANDARD

1.0

2.0

3.0

4.0

FORALEXIBLEUEL ANIDIL CELLMATERIAL

EDDecision 2003/10/RM

Purpose. To specify minimum requirements for flexible fuel and oil cell material intended for
use in fuel and oil tanks of aircraft.

Scope. This standard covers the requirements of fuel and oil cell material in which hyidrosta
loads are resisted by the structure of the cavity or tank and not by the cell material itself.

General Requirements.

3.1 Materials. Samples of flexible fuel and oil cell materials and construction techniques shall
be subjected to and satisfy thellimwing tests prescribed under paragraph 4.0

Tests. The applicable tests for substantiating flexible fuel and oil cell material and construction
techniques are indexed below in Table I.

TABLE |

[ Tests | pPaNo | Ol |  Fuel |
Leakagé 5.0 X X
Aging 6.0 X -
Slosh 7.0 X X
Stand 8.0 X X
Humidity 9.0 X X
Fluid Resistance of Exterior Surfa 10.0 X X
Permeability 11.0 X
Fuel Contaminatioh 12.0 - X
Oil Dilution Resistance 13.0 X -
Inner Liner Strength 14.0 X X
Seam Adhesion 15.0 X X
Puncture Resistamc 16.0 X X
Low Temperature Leakage 17.0 X X

4.1 Test Samples. Test samples shall consist of the following:

a. Two cells with outside dimensions of 24x30x30 inches containing fittings
representative of those used in tank construction for airframe inastalh. One cell
to be used for stand test (par. 8.0), the other for all other cell tests.

b.  Two12x12 inch samples of composite cell construction. One for humidity test (par.
9.0), the other for puncture test (par. 16.0).

c.  One sample of inner layer phgithout barrier, approximately 900 square inches in
area including seam for inner liner strength test (par. 14.0) and seam adhesion test
(par. 15.1).

d. One sample 6x6 inch inner layer ply, without barrier for all other inner layer tests.

e.  Two permeabity samples as specified in paragraph 11.0. None of these samples
shall be preplasticized with fluid prior to testing.

4.2 Test Fluids. Unless otherwise specified, the following test fluids shall be used in testing
the different tanks.

Powered by EASA eRules Page2200f 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSASC

a. Fuel Tank: Tesluid conforming to MIL. Spec. M&3136, Type IlI.
b.  Oil Tank: Oil conforming to MIL. Spec. NH082, Grade 1100.
c.  Qil Tank: Oil conforming to MIL. Spec. NHI308.

5.0 Leakage. Each cell, with all openings sealed and with the minimum of extenmadrs

6.0

7.0

necessary to maintain the cell shape, shall be subjected to an internal air pressure of 2.0 p.s.i.
The cell shall then be completely submerged in water or completely covered with soapy water.
Leakage indicated by air bubbles in the water or soapyewaolution shall be cause for
rejection. Alternate methods of checking leakage may be used if approved by the Authority.

Aging.

6.1 Test Conditions. The maximum temperature capability of oil cell material shall be

selected by the manufacturer and sl as a limitation under 8§ 514.86(c) (2). During the
tests, the test fluid temperature shall be uniformly maintained throughout the cell.

6.1.1 Test Duration. This test shall be conducted for period of 200 hours.

6.1.2 Test Procedure. The cell shall biedi with 80 gallons of either test fluid 4.2b. or c.
as applicable. At the end of the test period, the cell shall show no sins of
deterioration or other unsatisfactory conditions.

7.1 Test Conditions. The following test conditions shall preltaihg slosh test.

7.1.1 Rocking Angle. The slosh rocking angle shall be 30 degrees total, approximately 15
degrees on either side of' the horizontal position.

7.1.2 Mounting Axis. The cell shall be mounted in such a manner that the 24 inch
dimension is grtical. This position shall be known as the horizontal position.

7.1.3 Fluid Temperatures. The temperature of the fluid during the slosh test shall be as
shown in the table below:

Test Fluid Temperatures Test Fldidmperatures

135°+10°F.
Maximumtemperature (+10° F.) selected by manufacturer and stated
limitation

7.14 Test Duration. This test shall be run as follows:
a. Slosh for 25 hours at 16 to 20 c.p.m., or
b. Slosh for 40 hours at 10 to 16 c.p.m.

7.15 Test Procedure. The test celbmplete with filler cap, vents, and typical outlet
fittings shall be installed in a suitable mounting structure, then mounted on the
support jig and rocker assembly. Sections of flexible hose shall be connected to the
vent and outlet fittings. The otherrel of each of these sections shall be rigidly
attached to the support jig. The hoses shall be installed and supported in a manner
representative of an actual installation in an aircraft.

The tank mounting structure is to be representative of an actuaraiiréuel cell
compartment. Recommendations of' the cell manufacturer for supporting or
mounting the fuel cell in the aircraft fuel cell compartment are to be incorporated.
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The interior of the support jig shall be completely lined with brown paper held in
place by a suitable adhesive.

The test specimen shall be filled twlirds full with the applicable test fluid
containing a suitable dye. For fuel cells, éraf' gallon of water shall also be
added. For ail cells intended for use in aircraft using ardiaition system, 30
percent by volume of' fluid 4.2a. shall be added to the test fluid. At the conclusion
of this test, the test specimen shall be completely filled with the applicable test
fluid and thoroughly inspected for leakage or other evidencéadifire.

8.0 Stand Test. This test shall be conducted on the second test cell as provided for in paragraph
4.1a. The test cell may be installed in the support structure used for the slosh test or a similar
structure which is lined with brown paper. Thellcshall be filled with the appropriate test fluid
containing a satisfactory staining agent. There should be no leakage or evidence of other failure
at the end of 90 days under these conditions.

9.0 Humidity. A 12x12 inch sample of the composite celstmttion shall be subjected for a total
period of 15 days to the following Z#bur test cycle.

a. 8hours at 130°+3°F. and 100 percent relative humidity
b 4 hours cooling to approximately 70°+3°F.

c.  8hours at 70°+£3°F. and 100 percent relative humidity.
d

4 hours heating to 130°+3°F. There shall be no corrosion, peeling, cracking, warping,
blistering, delamination or discoloration of the cell after this period.

10.0 Fluid Resistance of Exterior Surfaces. The cell shall be placed in a containentyffanige to
permit immersion to onehalf the depth of the cell in the applicable test fluid. The cell shall be
immersed for 24 hours at ambient temperature, after which it will be removed and examined.
The exterior surface of the cell construction stelbw no unsatisfactory swelling, blistering,
dissolution, or other deterioration.

11.0 Permeability.
11.1 Test Apparatus. The test apparatus shall consist of' the following:
a. Two permeability cups and rings constructed in accordance with Figure 1.
b. A nylon solution shall be used for sealing the test disk to the permeability cup.

11.1.Preparation of Test Specimens. The uncured inner liner shall be applied toa 10x10
inch piece of corrugated fiberboard coated on one side with a suitable water
soluble beakaway agent. The exposed surface of the inner liner shall be coated
with prime cement and barrier resin (if required) in accordance with applicable
manufacturing specifications. The assembly shall be wrapped with cellophane and
covered with a suitable warproof bag.

The assembly shall be vulcanized as in normal production. After vulcanizing, the
waterproof bag and cellophane shall be removed and the inner liner shall be
removed from the fiberboard using water as necessary. Free moisture shall be
wiped from the assembly and it shall be conditioned 24 hours at a constant
temperature of 77°+5° F. and a relative humidity of 405 percent. Two 2.5 inch
diameter disks shall be cut from the vulcanized panel. One hundred ml. of test fluid
specified in paragraph 2a. shall be placed in each of the permeability cups. Nylon
solution shall be applied to the face of the cup flanges covering the area inside the
bolt circle. The nylon solution shall be allowed to come almost to dryness, thenthe
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test disks shall be applil to the cups with the barrier, if any, facing outward. The
assemblies shall be completed by attaching the bolting rings and tightening the
bolts in accordance with the following schedule:

Gum stock 5to 10in:lb.
Coated fdorics 15t0 20 in-lb.
Unsupported plastic films 20to 25 in:lb.

11.1.Z'est Procedure. Permeability cups prepared as specified above shall be placed in a
suitable rackin a constant temperature of 77°t£5° F. and a relative humidity of 405
percent.

After allowing 1 hour for equilibrium, the cups shall be weighed to the nearest
0.005 gram and placed in the rack with the faces of the cups facing upward (test
disks up). The cups shall be kept at the above constant temperature for 24 hours,
then weighed tacheck for seal integrity. The bolts shall be retorqued if necessary.
The cups shall then be inverted (test disks down) in a rack that permits free access
of air to the test disks.

Cups shall be weighed at the end of the third, fifth, and eighth day afterting.
Defective films or leaks caused by faulty assembly will usually be found when
making the weighing on the third day. The diffusion rate calculation shall be made
on the fifth day to eighth day period and expressed as fluid ounces per square foot
per 24 hours. The permeability shall be less than 0.025 fluid ounces per square foot
per 24 hours for each sample tested.

NOTEL Diffusion expressed in fluid ounces per square foot per 24 hours equals
the gram loss of the test specimen per 24 hours multipley a factor K which is
defined as follows:
PTT
YRQB ¢ @ X oo T &

Where

sp.gr.= Specific gravity of test fluid at 77° F.

R = Inside radius of test cup expressed in inches.
12.0 Fuel Contamination.

12.1 Nonvolatile Gum Residue. A five gram sample of the inner layers upe todtrier, shall
be diced up into approximately 0.062 inch squares and placed in a flash containing 250
ml. of test fluid as specified in paragraph 4.2a. and allowed to stand for 48 hours at
T7°x5°F.

The contaminated test fluid shall be decanted off, am& nhonvolatile gum residue
determined by Method 3302 of Federal Test Method Standard No. 791,4 ASTM D381
54T, except that the total evaporation time shall be 45 minutes. The nonvolatile material
shall not exceed 60 milligrams per 100 ml. of the contamiddiigd.

12.1.1 Stoved Gum Residue. The beakers containing the nonvolatile material shall be
placed in an appropriate bath maintained constantly at a temperature of 572°+9°F.
for 30 minutes. After cooling in a closed container, the beakers shall be weighed
The staved gum residue shall not exceed 20 milligrams per 100 ml. of the
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13.0

14.0

15.0

16.0

17.0

contaminated fluid, after necessary corrections have been made for preformed
gums originally present in the test fluid.

Oil Dilution Resistance. Tensile and elongation tebtdl e made on the inner layer ply
according to the methods described in Federal Test Method Standard No. 601,5 Methods 4111
and 4121, respectively. Before and after the tests the test specimens shall be immersed for 48
hours at room temperature in the gupopriate oil diluted 30 percent by volume with test fluid
specified in paragraph 4.2a. The tensile properties shall not be reduced more than 40 percent
from the original values, and the Shore A durometer hardness shall not vary more than 15 points
from the original value.

Inner Liner Strength.

14.1 Gum Inner Liner Strength. The strength of the gum inner layer ply, without barrier, shall
be determined in accordance with Federal Test Method Standard No. 601,5 Method 4111
before and after immersion in thtest fluid specified in paragraph 4.2a. for 72 hours at a
temperature of 135°+3° F. The tensile strength shall also be determined before and after
immersion in water for 72 hours at a temperature of 135°+3° F. The tensile strength shall
not be reduced mee than 50 percent for fuel immersion and 20 percent for water
immersion calculated on the basis of the original cissstional area.

14.2 Fabric Inner Liner Strength. The tensile strength of the fabric inner layer ply, without
barrier, shall be determingin accordance with Specification CECL91,5 Method 5100
before and after immersion in test fluid specified in paragraph 4.2a. for 72 hours at a
temperature of 135°+3° F. The tensile strength shall also be determined before and after
immersion in waterdr 72 hours at a temperature of 135°+3° F. The tensile strength shall
not be reduced more than 20 percent for fuel immersion and 50 percent for water
immersion calculated on the basis of the original cissstional area.

Seam Adhesion. The seam adbasof the inner layer ply to itself before and after immersion

in the test fluid specified in paragraph 4.2a for 72 hours at a temperature of 135°+3° F. shall be
tested within 4 hours along the length of the seam by the strip back method using a jaw

sepaation rate of 2 inches per minute in accordance with Federal Test Method Standard No.

601,5 Method 8011. Where the adhesion of the seam is less than the strength of the material,
the adhesion shall be a minimum of 6 pounds per inch.

15.1 Seam Adhesion (Atnate Procedure). As an alternate procedure to the above, the seam
adhesions of the innelayer ply to itself may be tested by cutting a strip of infeyer
material one inch wide having a seam made in the same manner as is used in the tanks
submitted urder paragraph 4.1a. This seam shall be perpendicular to and midway in the
length of the strip. When a tensile load has been applied of sufficient magnitude to break
the strip, there shall be no failure of the seam.

Puncture Resistance. A cell waliblbe fastened in a specimen holder in accordance with Figure
2. A piercing instrument with its end conforming to Figure 2 shall be forced against the cell wall
at approximately the centre of the area enclosed by the specimen holder. The force required to
puncture the cell shall not be less than 15 pounds.

Low Temperature Leakage. The cell supporting structure cavity shall be lined with brown paper
and the cell installed in the structure. The cell shall be completely filled with the appropriate
testfluid containing a staining agent and allowed to stand for seven days at 135°+10° F. The cell
shall then be emptied and subjected to an air dry out at 155°+5° F for seven days. The cell shall
then be completely refilled with the appropriate test fluid caiming a straining agent, cooled

to -65°+5° F. and allowed to stand a this temperature a minimum of three days. The test fluid
in contact with the cell inner liner shall have reach&8° F. prior to the start of the threday
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period. The cell shall be imamented by placing thermaouples against the inside surface of
the cell liner, one with six inches of the top surface on one side panel and the other within six

inches of the bottom surface on the opposite side panel. At the end of the itageperiod,
the cell shall be brought back to room temperature, drained and examined internally and

externally for fluid leakage or other evidence of failure. Any indication of failure shall be cause
for rejection.
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ETSAC85a

ED Decision 2003/10/Rfpplicable fron24.10.2003)
Survivor Locator Lights
1 Applicability

This ETSO gives the requirements which survivor locator lights that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
21 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in Society of Automotive Engineers, (BAE), Aerospace
Standard (AS) 4492,

a{ dZNIBAG2NI [ 201 42NJ [ A3IKGAZa RIGSR W ydz NJ
3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC88a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Automatic Pressure Altitude Reporting Code Generating Equipment
1 Applicability

This ETSO gives the requirements which automatic pressure altitude reporting code generating
equipment that are manufacturedn or after the date of this ETSO must meet in order to be
identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Techical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society of Automotive Engineers, Inc., (SAE) Aerospace
{dFYRENR 6! {0 ynno a!dzi2zYFGdAO t NBaadNS
91ljdA LIYSYiliazr RIFIGSR WwdAZ 85 mdbTtnd

3.1.2 Ervironmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See C&ETSCubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking isdetailed in CETSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC89

ED Decision 2003/10KR (applicable from 24.10.2003)
Oxygen Regulators, Demand
1 Applicability

This ETSO gives the requirements which oxygen regulators, demand type that are manufactured
on or after the date of this ETSO must meet in order to be identified with the applical3® E
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Stangards set forth in the athedFederal Aviation Administration Standard
ahE@3aSy wS3dA I G2NARSX 5SYIFyRao®

3.1.2 Environmental Standard
l'a aLISOAFTASR Ay CSRSNIf ! @AFLGAZ2Y | RYAY
5SYI YRG®

3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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FEDERAAVIATIONADMINISTRATIOSTANDARD ASSOCIATEOMETSGC89
C OXYGENREGULATOR®EMAND

ED Decision 2003/10/RM
1. Purpose.

This standard contains minimum performance and quality control standards for the
manufacture of denand oxygen system regulators.

2.  Classification.
¢KS GSNY oRSYlIYR NB3IdA F G2N AyOfdzRSa Ffft 2F
(@) Straight demand regulators designed to deliver oxygen only.

(b) Diluter demand regulators designed to deliver a mixtufexygen and air, and oxygen
only.

(c) Straight demand pressure breathing regulators (straight demand regulations designed to
deliver undiluted oxygen under positive pressure).

(d) Diluter demand pressure breathing regulators (diluter demand regulatorigded to
deliver undiluted oxygen under positive pressure).

3.  Design and Construction of Regulator.

To be eligible for approval under a TSO authorization, the regulator must possess the following
design and construction characteristics:

3.1 Demand regulairs designed to be mounted directly upon an oxygen mask or the
ONBgYSYoSNRa Of20KAY3I 2NJ ak FSde KINysSaa Y
connecting the regulator inlet with the oxygen supply system.

3.2 Demand regulators must be constructed of reaals that-

(@) Do not contaminate air or oxygen;
(b) Are not adversely affected by continuous contact with oxygen; and
(c) Are at least flame resistant.

3.3 (a) Demandregulators must be equipped with a 200 mesh screen, or equivalent filter,
at the oxygen inlet port or at the oxygen inlet hose assembly.

(b) Diluter demand and diluter demand pressure regulators must be equipped with
screening or not more than 100 mesh and not less than 30 mesh, or equivalent
filter, at the air inlet port.

3.4 Diluter demand and diluter demand pressure breathing regulators must be provided with
a means for manually selecting a delivery of undiluted oxygen. If the selection means is
controlled by a rotating handle or lever, the travel must be limited to not more than 180
degN\BS&8 FTNRBY G(GKS ay2NX¥YIf 2Eeé3Syda LRaAAGAZY i
RAfdziA2y LRaAGAZ2Y 2F GKS aStSOGA2y YSIya )
Y2YRAfdziA2Yy LR&AAGAZY YdzAld 6S RSaAIYyl GSR al
must be 8zOK U0 KF U0 AU gAfft y20 |aadzyS || LR2aAuAzZ2y
LISNOSy (i 2Ee3aSya LRaAlGAZ2Yyad

3.5 Straight demand pressure breathing and diluter demand pressure breathing regulations
must be designed to provide oxygen at a positive pressure df 3.0 inches O to
determine mask peripheral leakage at altitudes below which positive pressures are
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3.6

hereinafter required. The means of obtaining this pressure must be by push, pull, or
toggle control appropriately marked to indicate its purpose.

Diluter demand and diluter demand pressure breathing regulators must incorporate
means to indicate when oxygen is and is not flowing from the regulator outlet. This
requirement does not apply to mask mounted regulators.

4, Performance.

Two demand regulatorsfeeach class for which approval is sought must be shown to comply
with the minimum performance standards set forth in paragraphs 4.1 through 4.10 in any
position which the regulators can be mounted. Tests must be conducted at ambient
atmospheric conditionsf approximately 30 inches Hg and 70°F., except as otherwise specified.
It is permissible to correct gas flow rates and pressures to STPD conditions by computation.

4.1

4.2

@)

(b)

@)

Demand regulators must supply the following oxygen or oxyajeflows at not
more than the specified outlet pressures. These characteristics must be displayed
at all altitudes, withhe oxygen supply pressure atwalues within the design inlet
pressure range, and with the diluter valve open and closed.

MAXIMUM OUTLET
FLOW, SUCTIORPSSURE,
LPM, ATPD:INCHES OF WATER

20 0.40
70 .80
100 1.00

Demand regulators must not flow more than 0.01 LPM, STPD, when the outlet
suction pressure is reduced to 0 inches @DHiInder the conditions specified in
subparagraph (a) of this paragfap

Diluter demand and diluter demand pressure breathing regulators must supply the

following percentages of cylinder oxygen, by volume, at the specified atmospheric
pressures and corresponding altitudes. These oxygen percentages must be
delivered a regulator outlet gas flows of 20, 70, and 100 LPM ATPD, with the

oxygen supply pressure at all values within the design inlet pressure range.

I AT e e e
Altitude feet | Diluter demand| Diluter demand pressure breathin
0 0 40

760
632.4 5,000 0 40
522.8 10,000 6 40
429.1 15,000 14 40
3495 20,000 25 40
282.4 25,000 40 40
226.1 30,000 61 61
179.3 35,000 91 91
178.5 35,100 98 98
141.2 40,000 98 98
111.1 45,000 Not applicable 98
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(b)

4.3

(b)

(©

4.4 (a)

(b)

(©

(d)

45 (a)

(b)

(©

Straight demand and straight demandegsure breathing regulators must supply
not less than 98 percent oxygen, by volume, at all altitudes under the conditions
specified in subparagraph (a) of this paragraph.

(@) Diluter demand pressure breathing regulators with the diluter valve open or
closed, and straight demand pressure breathing regulators, must provide
positive breathing pressure at a flow of 20 LPM, ATPD, in accordance with
the following table:

ALTITUDE 1,000 FEET POSITIVE OUTLET PRESSRIRE

30 0.0 +3.5
-0.0
40 25+25
42 6.0+1.5
44 10.0+1.0
45 12.0+1.0

The positive pressure at 100 LPM, ATPD, must not increase by more than 0.8 inches
H,O from the positive pressure at 20 LPN, ATPD.

The positive pressure at 0.01 LPM, ATPD, must not decrease by more than 0.8
inchesH,O from the positive pressure at 20 LPM, ATPD.

The inward leakage of air through the regulator at sea level must not exceed 0.1
LPM, STPD, with a suction pressure of 1.0 inch€sapplied to the outlet port,
the oxygen supply inlet port sealedhdthe diluter valve closed.

The outward leakage of air through the regulator at sea level must not exceed 0.1
LPM, STPD, with a positive pressure of 12 inch@safplied to the outlet port, the
oxygen supply inlet port sealed, and the diluter valpemand closed.

The regulator outlet leakage must not exceed 0.01 LPM, STPD, with the regulator
outlet port open and any oxygen supply pressure within the specified operating
range applied at the regulator inlet port.

The regulator overall leakageust not exceed 0.01 LPM, STPD, with the regulator
outlet port sealed and the regulator inlet port pressurized to a value equal to the
maximum specified oxygen supply pressure.

Straight demand pressure breathing and diluter demand pressure breathin
regulators must comply with paragraphs 4.1 through 4.4 after a negative pressure
of 29 inches KD and a positive pressure of 24 inche©tre applied to the outlet

port for a period of 2 minutes. The diluter valve and the regulator inlet port must
be cbsed during these two pressure tests.

Straight demand and diluter demand regulators must comply with paragraphs 4.1
through 4.4 after a negative pressure of 29 inchg®ldnd a positive pressure of

12 inches KO are applied to the outlet port for a ped of 2 minutes. The diluter
valve and the regulator inlet port must be closed during these two pressure tests.

Demand regulators must comply with paragraphs 4.1 through 4.4 after a positive
pressure of 1.5 times the maximum oxygen supply pressuappbed to the inlet

port, or to the inlet of the oxygen supply in the case of mask mounted regulators,
for a period of 2 minutes. The positive pressure must be applied rapidly to simulate
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rapid opening of the supply valve. The diluter valve must be claseidhe outlet
port must be sealed during the test.

4.6 (a) Straightdemand and diluter demand regulators must comply with paragraphs 4.1
through 4.4 after being subjected to a change in pressure from not less than 12.2
p.s.i.a. to not less than 2.7 p.s.i in not more than one second.

(b) Straight demand pressure breathing and diluter demand pressure breathing
regulators must comply with paragraphs 4.1 through 4.4 after beings subjected to
a change in pressure from not less than 12.2 p.s.i.a. to nothess2.1 p.s.i.a. in
not more than one second.

4.7 Demand regulators must comply with paragraphs 4.1 through 4.4 under each condition
specified in subparagraphs (a) through (d) of this paragraph with the maximum oxygen
supply pressure applied to the regibr inlet:

(@) Atatemperature of approximately 70°F. after being stored at a temperature of not
less than 100° F. for 12 hours

(b) At atemperature of 70°F. after being stored at a temperature of not warmer than
-67°F. for 2 hours.

(c) At atemperatureof not less than 130°F.
(d) At atemperature of not more than 20°F.

4.8 Demand regulators must comply with paragraphs 4.1 through 4.4 after being subjected
to the tests specified in sybaragraphs (a) and (b) of this paragraph.

(@) The regulator must be biated along each mutually perpendicular axis for one
hour (three hours total), at a frequency of 5 to 500 cps, and at a double amplitude
2F nonoc AYyOKSaA 2N Iy | OOStSNI A2y 2F H
regulators need not be subjected this vibration test.

(b) The regulator must be subjected to an endurance test of a total of 250,000
breathing cycles.

The peak breathing rate must be 30 LPM, STPD, for 200,000 cycles, and 70 LPM,
STPD, for 50,000 cycles. The dilution valve must be opengdane half of the
200,000 cycles and one half of the 50,000 cycles, and it must be closed during the
remaining cycles. During the nonflow portion of the 30 LPM and 70 LPM breathing
cycles, a back pressure of 0.5 and 1.0 inch&3, Hespectively, must bapplied to

the regulator outlet.

4.9 Demand regulators must be free of vibration, flutter, or chatter that will prevent
compliance with paragraphs 4.1 through 4.3 when subjected to the following simulated
flow conditions:

Peak flow per cycle | Back pressure at OLPI
100

5,000 Closed
5,000 100 1.5 Open

410 5SYlFyR NB3IdA I G2NBRE ¢6KSYy adzmaeSoOda G2 | O00StS
comply with paragraph 4.1(a) except that the specified suction pressunag be
exceeded by not more than 0.6 inchegH

5.  Maximum Environmental (Cabin) Altitude.
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The minimum pressure to which the regulator has been shown to comply under paragraph
4.6(a) or (b) of this standard determines the maximum environmental (caklit)da of the
regulator, except that the maximum environmental (cabin) altitude must not exceed the value
shown in the following table:

CLASSFEET
Straight or diluterdemand 40,000
Pressure demand 45,000

6.  Quality Control.
6.1 Each production regulatanust be shown to comply with paragraphs 4.1 through 4.4.

6.2 One regulator selected at random from each lot must be shown to comply with
paragraphs 4.1 through 4.10. The lot size may be selected by the applicant subject to the
approval of the Federal Aation Administration on the basis of evaluation of the quality
control system of the applicant (see FAR, 837.5).

7.  Abbreviations and Definitions.
LPM Liters per minute.
STPD. Standard temperature and pressure, dry (0° C., 760 mm HgO=PMH
ATPD Ambienttemperature and pressure, dry (70° F.; ambient pressurg£e).
c.p.s. Cycles per second.
p.s.i.a. Pounds per square inch absolute.

g Acceleration of gravity, 32 feet/second/ second.
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ETSAC90c

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Cargo PHets, Nets and Containers
1 Applicability

This ETSO gives the requirements which cargo unit load devices that are manufactured on or
after the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in standard of Aerospace Industries Associtilmerica, Inc.

6! L1 03X braGAz2ylf 1 SNRALI OS {{iGl yRI-NRX b!
{LISOAFAOIGAZ2Y FT2NEa wS@raaiazy wmnz RIGSR
supplemented by this ETSO:

In lieu of NAS 3610, paragraph 3.5, paragraph 4 of this ET S@egrtwe marking
requirements.

3.1.2 Environmental Standard None.
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.

In addition, the folbwing information shall be legibly and permanently marked on the
major components:

- The identification of the article in the code system set out in paragraph 1.2.1 of
NAS 3610, Revision 8.

- LF GKS INIAOES Aa y2i 2YYyARAINS @iABWat ¥ di
be conspicuously and appropriately placed.

- The burning rate determined for the article under NAS 3610, paragraph 3.7,
Revision 8.

4.2 Specific
None.
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5 Availability of Referenced Document
See G&ETSGubpart Aparagraph 3.
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ETSAC92c

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Ground Proximity WarningGlide Slope Deviation Alerting Equipment

1 Applicability

This ETSO gives the requirements which ground proximity wagtithg slope deviationlarting
equipment that is manufactured on or after the date of this ETSO, must meet in order to be
identified with the applicable ETSO marking.

2 Procedures

2.1

2.2

3.1

3.2

General
Applicable procedures are detailed inEBSCsubpart A
Specific

None.

Technical Conditions

General
3.1.1 Minimum Performance Standard

Standards set forth in paragraph 2.0 of Radio Technical Commission for
Aeronautics (RTCA) DocumentID&1A revised May 27, 1976.

3.1.2 Environmental Stagtard

See C&ETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2
Specific

3.2.1 Fire Protection. All materials used except snpalits (such as knobs, fasteners,
seals, grommets and small electrical parts) that would not contribute significantly
to the propagation of a fire, must be sektinguishing when tested in accordance
with applicable requirements of CS 25.853 and AppeRdix

3.2.2 Aural and Visual Warnings. The required aural and visual warnings must initiate
simultaneously. Each aural warning shall identify the reason for the warning such
Fa alGSNNIAYyZd a22 f26>ad adftARS &t 2LIS>a

3.2.3 Deactvation Control. If the equipment incorporates a deactivation control other
than a circuit breaker, the control must be a switch with a protective cover. The
cover must be safety wired so that the wire must be broken in order to gain access
to the switch.A frangible lock or similar device may also be used to perform this
function.

3.2.4 Mode 4 Flap Warning Inhibition. A separate guarded control may be provided to
inhibit Mode 4 warnings based on flaps being in other than the landing
configuration.

3.2.5 Speed shall be included in the logic that determines GPWS warning time for Modes
2 and 4 to allow additional time for the aircrew to react and take corrective action.
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3.2.6 Smart Callouts. Smart callouts of altitude above the terrain shall be provided during
nonprecision approaches. These advisories are normally, but are not limited to 500
feet above the terrain or the height above airport (HAA) used in the terminal
(approach) procedures.

3.3 Exceptions.

3.3.1 An alternate means, with demonstrated equal oitiee accuracy, may be used in
lieu of barometric altitude rate (accuracy specified in EC30b, Altimeter,
Pressure Actuated, Sensitive Type, or later EC®2 revisions) and/or radio
altimeter altitude (accuracy specified in EFT8CB7, Low range radidtaneters) to
meet the warning requirements described in RTCA Document Nd.a2@.

3.3.21In R-[Cib‘ Document No. H61A, paragrglph 23 the complete cyglq‘ o]‘ two tone
agSSlla L dza FyydzyOAlI uUA2y Aa SEUSYRSR
4 Marking
4.1 General
Marking is detailed in GBTSCBubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC95

ED Decision 2@0L0/RM (applicable from 24.10.2003)
Mach Meters
1 Applicability

This ETSO gives the requirements which mach meters that are manufactured on or after the
date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Sta}ndardgs set fovrth in the Society of Automotive Evngieelec,A (SAﬁ) Aerospacev L
{U0FYRFNR oO0!'{0 ynmy oaal OK aSUSNARAa&aXZ RI U0SR
3.1.2 Environmental Standard
See CETSCubpart Aparagraph 2.1
3.1.3 Computer Software
See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC96a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Anticollision Light Systems
1 Applicability

This ETSO gives the requirements which new models of anticollision light systems that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General

Procedures are detailed in €3 SCsubpart A

2.2 Specific
None.
3 TechnicaConditions
3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the Society of Automotive Engineers, Inc., (SAE) Aerospace
{dFYRENR 06! {0 ynmt! aaAyAYdzyY tSNF2NXI yC
{éadsSyYyaaxzr RIUSR WIFydZad NE onI wmdycd

In addifon to Chapter 3 General Standard of@®.7A, all materials used except
small parts (such as knobs, fasteners, seals, grommets and small electrical parts)
that would not contribute significantly to the propagation of a fire, must be-self
extinguishing whe tested in accordance with applicable requirements of
CS25.869(a)(4) and Appx F at Change 14.

3.1.2 Environmental Standard
See CETSCubpart Aparagraph 2.1
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSOC97

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Lithium Sulfur Dioxide Batteries
1 Applicability

This ETSO gives the requirements which lithium sulfur dioxide batteries that are manufactured
on or after the date of this ETSO must meet in ortiebe identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Procedures are detailed in €3 SCGsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the attacheEederaI“Aviation Administration Standard
a[ AGKAdZY {dzZ FdzNJ 5A2EARS . I G0GSNARSad

3.1.2 Environmental Standard

As stated in the Federal Aviation Administration Standard.
3.1.3 Computer Sdfvare

None
3.2 Specific
None
4 Marking

4.1 General

Marking is detailed in GSTSOSubpart Aparagraph 1.2; in addition to the markings
required by this paragraph, each battery must be marked with the month and g&
manufacture and the date onwhich it must be replaced. In addition, each cell and battery
must be marked with the phrase:

o[ ABARTERY CAUTION: PRESSURIZED CONTENTS; NEVER RECHARGE, SHORT CIR(
hw 9-th{9 ¢h ¢9at9ow! ¢ wo9{ !. hx9 Tnc/aod

4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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FEDERAAVIATIONADMINISTRATIOSTANDARD ASSOCIATEOMETSGC97
C UTHIUM SULFURDIOXIDEBATTERIES

ED Decision 2003/10/RM

1.0 Geneal.

1.1 This standard applies to cells and batteries of a nonaguous Lyp& Batteries may
consist of a single cell, cells connected in series or in parallel, or both, to obtain the
necessary output for the intended application. Definitions for terisesclin this standard
are set forth in Appendix A of this standard.

2.0 Minimum Performance Under Standard Conditions.

2.1 Cell Isolation. Cells in a muttell battery or packs of more than one battery may not be
connected in parallel unless provisions amnade to prevent individual cells from being
SELR&aSR G2 OKIFINHAYy3 @2f il 38a aNBIFIGSNI GKIYy
five or more cells are reconnected in series, each cell must be protected by a shunt diode.

2.2 Cell connection. All eledtal connections between cells in a battery must be soldered,
welded, or brazed in accordance with an approved process specification.

2.3 Safety Relief

2.3.1 Safety Relief Mechanism. Each cell used in the battery must incorporate a safety
relief mechanisnthat will relieve internal pressure at a value and rate which will
preclude venting violently, or explosion. The safety relief must operate at a
temperature below 130°C in accordance withl®F Appendix B of this standard.

2.3.2 Discharge Materials. If@ell vents during any of the tests required by 883.2, 3.3,
3.4,3.5, 3.6, 3.7, 3.8, 3.9, and 3.10, the data requirements of §37.209 (d)(2) must
be met.

2.4 Encapsulation. Encapsulation of the battery may not be used unless it is demonstrated,
in accordane with 882 and T3 of Appendix B of this standard, that encapsulation does
not inhibit the functioning of the safety release mechanism or cause the battery to
overheat.

2.5 Seal. Each cell must be hermetically sealed. The seal must be tested in aceasithnc
8T-4 of Appendix B of this standard. The difference in the weight of the cell before and
after this test must be less than 50 milligrams.

2.6 Current Limiting Protection. The battery must have a current limiting device. This device
must limit the curent that can be drawn from the battery to a value lower than that
which it was subjected toin 883.8, 3.9, and 3.10 of this standard, and must be anintegral
part of the battery and not susceptible to shorting or any failure causing the device to be
bypassed.

2.7 Useful life. The useful life of the battery may not exceed 4 years unless demonstrated.
The useful life must be demonstrated at a minimum temperature of 40°C. When tested
at periods in excess of 4 years, the battery must retain 80 percent afmfserehour
capacity as demonstrated in accordance with58df Appendix B of this standard, and
meet the requirements of 882.9, 2.10, and all sections under 83.0 of this standard.

2.8 Examination of Product. When required, subsequent to a test requiregi3by of this
standard, each of the cells must be visually examined. Special emphasis must be placed
on observing signs of leakage and overall appearance of the safety relief feature.
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3.0

2.9

2.10

Open Circuit Voltage. Open circuit voltage of the battery must basme=d and be within
15 percent of its specified value, and the polarity must be correct.

Capacity. The variation in battery capacity may not vary more than £10 percent when
compared with the capacity as demonstrated in accordance with 8T Appendi B of
this standard.

Minimum Performance Standards Under Environmental Conditions.

3.1

3.2

3.3

3.4

General. Except as provided in 883.6, 3.7, 3.8, 3.9, and 3.10 of this standard, the design
of the battery must be such that subsequent to the application of the el tests, no
condition may exist that would be detrimental to the continued performance of the
battery. The same battery must be used for the following tests and these tests must be
performed in this order: 883.2, 3.3, 3.4, 3.5, and 3.6.

Shock TesfThe battery must be secured to a shock table by a mechanically secure device.
The shock test machine must be capable of imparting to the battery a series of calibrated
shock impulses. The shock impulse waveform must be a half sine pulse whose distortion
at any point on the waveform may not be greater than 15 percent of the peak value of
the shock pulse. For the purposes of this section, duration of the shock impulse is
specified with reference to the zero points of the half sine wave, and shock forces are
specified in terms of peak amplitude G values. The shock impulse must be measured using
a calibrated accelerometer and associated instrumentation having a 3dB response over a
range of at least 5 to 250 Hertz. The shock test must be conducted as follows:

(@) Mount the battery on the shock test machine in such a manner that it can be
subjected to shock impulses in each direction successively along the three mutually
orthogonal axes of the battery.

(b) Apply a 100G shock impulse of duration 23+2 millisecdindthe battery in a
direction coincident with the first orthogonal axis.

(c) Reset the activation mechanism.

(d) Repeat the procedures specified in 88®) and (c) applying an impulse shock in
the remaining 5 axial directions.

Vibration Test. The bagty must be secured to a vibration table so that sinusoidal
vibratory motion can be exerted parallel to one of the three major orthogonal axes of the
battery. The battery must be affixed to the vibration table by the means specified by the
equipment manufaturer for service installations. The vibration frequency must be varied
at a rate not to exceed 1.0 octave per minute. The vibration must exhibit a constant total
excursion of 2.5mm from 5 Hertz to the frequency at which an acceleration of 7G (zero
to-peak) is reached and from that frequency to 2,000 Hertz at a constant acceleration of
7G. Continue the vibration for a minimum of 1 hour. The tests described in this section
must be repeated with the vibratory motion being applied along each of the otherrmajo
axes of the cell.

Temperature Cycle Test. The battery must be subjected to a temperature not greater
than-65°C for a period of 20 hours. The test chamber temperature must then be raised
at a rate of 5° + 2°C per minute to a temperature of at leg4t°€, and this temperature
maintained for a period of 4 hours. After the-hdur period, the test chamber
temperature must be returned, at a rate of 5° £ 2°C per minute, to a temperature not
greater than-65°C, and this temperature must be maintained for BOurs. The
temperature cycle must be repeated 5 times. After completion of the temperature cycle,
the battery must be returned to room temperature.
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3.5

3.6

3.7

3.8

3.9

3.10

Altitude Test. The battery must be stored for 6 hours at an atmospheric pressure
corresponding to an &tude of 15,000 meters at 24° + 4°C. The pressure must then be
increased to sea level pressure.

Immersion Test, Salt Water. After being immersed in salt water (3.5 £ 0.1 percent
sodium chloride), with terminals insulated, for a period of at leashdirs, the battery
must be tested for leakage in accordance with8df Appendix B of this standard, and
meet the requirements of 882.8, 2.9, and 2.10 of this standard.

High Temperature Battery Capacity Test. After 30 days of storage at a tempeshitire

+ 2°C, the battery must be returned to room temperature and must be capable of
delivering 90 percent of its rated capacity with no more than + 10 percent variationin cell
capacity. The test must be performed in accordance witk6 & Appendix B othis
standard.

Reverse Discharge Test. The cell must not be fuse protected. The cell must be discharged
in series with an external power supply at a current equal to that of the rating of the fuse
used in the battery at a temperature of 24° + 3°C. @liseharge must be maintained for

a time corresponding to the rated capacity of the battery that the cell will be used in or
until the cell has vented. The cell condition must be monitored for 24 hours after
termination of reverse discharge.

Forced Disharge Test. The battery must be operative and have the fuse removed for
purposes of this test. The test must be conducted on (1) a battery that has not been
discharged, and (2) a battery that has completed the high temperature battery capacity
test of 837. A battery must be forced discharged at a current load equal to that of the
rating of the fuse used in the battery at a temperature not greater thaB@0°C
isothermally for a period corresponding to the rated capacity of the battery. The battery
condition must be monitored for 24 hours after the rated capacity of the battery has been
reached.

Total discharge Test. The battery must be operative and have the fuse removed for
purposes of this test. The battery must be discharged at a temperature af 3aC ata
current level equal to that of the rating of the fuse used in the battery for a period
corresponding to the rated capacity of the battery. Immediately thereafter, a direct short
must be placed and left across the battery terminals. The battendition must be
monitored for 24 hours after the direct short has been applied.

APPENDIX A

The following definitions of terms are applicable to the Lithium Sulfur Dioxide Batteries Standard.

1.0 Definitions.For purposes of this standard, the followindirions apply:

a .

- 0G0SNRa YSIya Iy StSOUGNROFE SySNHe@& az2daNDOS

series or parallel or in a seriparallel combinations.
a/ L) OAdGeéeda YSIya GKS G20Ft | Y2dzyd 2%a&t SOUGNAC
can generate.

a/ Stta YStya 'y AYRAGARdZA f St SOGNROKSYAOL f

of the cell there is no loss of gaseous or solid material from the cell.
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a = Sy (i A ygsIhé coMrBlled release of the electrolyte or any chemical reactant products, or

both, from a cell.

axSydAy3 GrztSyidteda YSIya GKS NILAR dzyO2y i NEf

both, from a cell accompanied by the generation of heat.

APPENDIX B

The following test procedures give details for demonstrating that the requirements of the Lithium

Sulfur Dioxide Batteries Standard are met.
T-1 Verification of safety relief mechanism (82.3.1).

Equipment Required:

Calibrated iron constantan drmocouple, accurate to within + 1° C.

Electric heating tape. Recording potentiometer.

Test Procedure:

a. Attach a thermocouple to the surface of the metal cell case under test and attach the

thermocouple to the recording potentiometer.

b.  Wrap the circumérence of the cell, not covering the ends, with the electric heating tape.

Increase the temperature of the cell at a linear rate of 10° £ 3°C per minute.

d. Continuously monitor the temperature of the cell case and record the temperature at

which the cd(s) vent.

T-2 Operation of safety relief in encapsulating material (82.4).

a. Expose the battery to environmental conditions which will cause the battery to vent (e.g.,

high temperature or direct short with the current limiting

device inoperative).

b.  The operation of the safety relief mechanisms and the encapsulation should be observed.

C. Determine that the encapsulation material does not cause the battery to vent in a

manner different than that of the cell tested in T
T-3 Heat transfer properties 6the encapsulation material (§82.4).
Equipment Required:

Two calibrated thermocouples accurate to = 1° C. Two recording potentiometers.

Test Procedure:

a Attach a load to an encapsulated battery with the fuse removed which will draw a current
equal to theampere rating of the fuse used in the battery.

b. Attach a load to an identical battery without encapsulation and with the fuse removed
which will draw a current equal to the ampere rating of the fuse used in the battery.

C. Continuously monitor the tempeiture of both batteries. The room ambient temperature

should be 24° + 3°C.

d.  Continue the test until the ampere hour rating of the cell is reached.

T-4 Hermetic Seal test (§82.5).
Equipment Required
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T-5

Temperature controlled oven. Scale (accurate to 1 melhgjy.
Test Procedure:
Weigh each cell under test.

Place each cell in the temperature controlled oven.

a

b

c. Raise the temperature to 71°C.

d Maintain this temperature for 30 days.
e Lower the temperature to ambient.

f. Remove the cells and weigh eadlc
g. Compare the weight of each cell with the weight before the test.
Useful life (82.7).

Equipment Required:

Temperature controlled oven.

Test Procedure:

a. Place each battery in the temperature controlled oven, seals pointed down so that the
sealis covered by the electrolyte.

b. Raise the temperature to at least 40°C.

C. Maintain this temperature for 4 years plus the additional time for which useful life is
desired to be demonstrated.

d.  Lower the temperature and remove each battery.

e. Measure tle remaining capacity of the cell in accordance witk68¥ this Appendix.
Battery Capacity (82.10).

Equipment Required:

Resistive load.

Data recorder.

Digital printer.

Digital voltmeter.

Test Procedure:

a. Attach a resistive load to the battery undeest which will initially draw a current
equivalent to the value of the fuse used in the battery in which the cell under test is to
be used.

b. Monitor the voltage time until the endsoltage of the battery reaches 0.5 volts.

C. Calculate the cell capaciiging the timed averaged voltage method. The formula for this
method is

P O W

® — .,
O wé C
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50 ® 0 bé
Y
where:
V =Time averaged voltage
tco = Elapsed discharge time to cutoff in hsu
V; = Voltage at time ti
V.1 = Voltage at time
ti = Time in hours at which;Was measured
tiss = Time in hours at which Vi+1 was measured
AH = Discharged capacity

R = Load resistance in ohms
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ETSAC99

ED Decision 2003/10/Rpplicabé from 24.10.2003)
Protective Breathing Equipment
1 Applicability

This ETSO gives the requirements which protective breathing equipment that is manufactured
on or after the date of this ETSO must meet in order to be identified with the applicable ETSO
marking.

2 Procedures
2.1 General
Procedures are detailed in €3 SCGsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society of AutomotiZagineers, Inc., (SAE) Aerospace
{dFYRENR 6!{0 ynom atSNE2YFf tNBI
POY2AaLIKSNBaz !'ANJ ¢NIFYyaLR2ZNU / NBSg aSyY

o U
O

3.1.2 Environmental Standard
As given in AS 8031, Section 8.
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific

(1) Each component of equipment _having multiple facial sizes must be marked to
indicate itsrelative 6iS | YR KSUKSNJ Au gAfft asltt 2y
astrtao

(2) Each smoke goggle/oxygen mask component;fdigk mask and hood must be

marked to indicate the average oxygen usage rate measured during contaminant
leakage testing for each combinai or fullface mask.

5 Availability of Referenced Document
1. See GETSCbubpart Aparagraph 3.

2. FAA report N°FAAM-7841 may be obtained from the National Technical Information
Service (NTIS), Springfield, VA@RCatalogue N°’ADA064678.
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ETS@C100b

ED Decision 2008/012/R (applicable from 18.11.2008)

Child Restraint System (CRS)
1 Applicability

This ETSO gives the requirements which Child Restraint System (CRS) that is manufactured on

or after the date of this ETH must meet in order to be identified thi the applicable ETSO
marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Standard

{GFyRIFINRa aS3G F2NIK Ay FLLXAOFotS adly
{eadsSya Ay ¢NIyaLRNI /FGS32NE ! ANLE | ySa

attached APPENDIX i aLba a}f 9wChwa! b/ 9 {¢! b5! w5
APPENDIX2¢ 9 { ¢ [/ hb5L¢Lhb{¢®

3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Doauent
See CETSCBubpart Aparagraph 3.

49CFR571 and 49CFR572 may be obtained from U.S. Government Printing Offisgeefweb
WWW.Qpoaccess.gov

[Amdt ETSO/3]
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APPENDIA TOETSGC10® ¢ MINIMUM PERFORMANCEANDAREMPS)
FORCHILDRESTRAINSYSTEMCRYS)

ED Decision 2008/012/R

This appendix prescribes the MPS for CRS, modified by the Agency in this ETSO. The applicable
a0FyRFNR A& {!'9 ! {pHTcK vERestrhid SyB&NNM Trgh€pbreCategory Y R N.
' ANLI ' ySaé RFEGSR b2@SY0SNI Hbodmalks asffllBwvsA & Y2 RATASR
1. Page 1, paragraphs 1. (SCOPE), 1.1 (PURPOSE), and 1.2 (APPLICABILITY), page 2, paragraph 2.
(REFERENCES), 2.1 and 20isregard these paragraphs as similar text appears in TSO.

2. Page 2, paragraph 2.1.2 reads as follows:
ETSO C22&afety Belts
DOT/FAA/AAMP4/19, The Performance of Child Restraint Devices in:

Transportatiomn Category Seats. Gowdy and DeWeese, FAA Office of Aviation Medicine Report,
September 1994

3. Page 4, replace paragraph 3.2 as follows:

To secure a CRS in an airplane passenger seat, the device shall rely upon the passenger seat lap belt (pelvic
restraint) or possibly rigid bar lower anchorages if the airplane seat is so equipped, as prescribed by 49 CFR §
571.225 S9. The latter would require the CRS to be equipped with lower anchorage hardware per 49 CFR §571.213
S5.9(a), that is, adjustable webbing &tchments or retactable/stowable rigid prongs.

4. Page 5, paragraph 3.2.5 reads as follows:

3.2.5Where a CRS is equipped with prongs that attach the CRS to a rigid bar anchorage system
in automobilesas referenced in 49 CFR §571.2hBse prongs shalle retractable, in order to ensure

proper positioning of the CRS in the airplane passenger seat and to avoid damage to the airplane
seat.

5. Page 5, paragraph 3.3, Fire Protection, with modification reads as follows:

3.3 Cushions, upholstery, and alhet exposed materiatscept small parts (knobs, triggers, fasteners,
seals and electrical parts) that would not contribute significantly to the propagation of a 8all meet the fire
protection provisions of CS 25.853(a)

[Appendix F, Part | (a)(1)[ii¥eat belts and shoulder harnesses shall meet [Appendix F, Part | (a)(iv)]
6. Page 5, replace paragraph 4, Performance Test Specifications, as follows:

The dynamic test described in this section is used to evaluate the performance of the CRS in a
horizontal impact where the force is applied against the longitudinal axis of a forward facing
airplane passenger seat that holds the CRS. The structural adequacy of the CRS, the
effectiveness of the CRS attachments and the adequacy of restraint of the otlidaat, as
prescribed in 4.1, are the issues evaluatesk dynamic impact test shall be performed, with the CRS
secured using the passenger seat lap belt, for each category of ebdlcipant, as defined in paragraph 2.3 of this

AS, for which the CRS isténded for use. In addition, CRS that are equipped with lower anchorage attachment

hardware per 49 CFR § 571.213 S5.9(a) may be tested with each category ofocitilghant when secured using
the rigid bar lower anchorages.

7. Page 6, paragraph 4.2, Testthkies, reads as follows:

4.2 The fixture on which the CRS is installed for the dynamic test is based on the seat fixture
defined in 49 CFR § 571.213. s61.1(a)(1), (FRY3®Sr a fixture that has been modified to accept the

rigid bar lower anchorages pe#9 CFR § 571.225 380r the test specified by this AS, the back cushion,
seat cushion, lap belts and belt anchor points are different from the standard FRINSSeat
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10.

11.

12.

13.

14.

15.

16.

configuration. Appendix A of this AS presents the locations, dimensions, and maiseidlt
configure the FMVS&L3 fixture for the test specified by this AS.

Page 6, paragraph 4.2.1 reads as follows:

4.2.1 Passenger Seat Restraints: Airplane passenger seat lap belts shall be installed on the test
fixture as the primary means of attacing the CRS to the seat fixture depicted in Appendix A of this ARe

buckle shall be a lift latch type release mechanism. The belts shall meet the requirements of
ETS@c22g and conform to the length dimensions shown in Appendix A, Figure A5 of this AS.
The webbing shall be made of nylon or any suitable material that has been shown to be
equivalent.

Page 6, new paragraph 4.2.2 reads as follows:

4.2.2 Rigid Bar Lower Anchorages: Alternatively, CRS equipped with lower anchorage attachment hardware may
betested using the aforementioned modified test procedure.

Page 7, the last sentence of paragraph 4.5, Photometric Instrumentation, reads as follows:

The resolution of the images shall be sufficient to enable accurate measurements of the
maximum excursio of the head and knee of the ATD in Typ€RS tests, or the maximum
rotation of the CRS in Type | and aft facing Type Il CRS tests.

Page 7, new paragraph heading 5.1.1 reads as follows:

5.1.1 Passenger Seat Restrainthe CRS shall be installedlie test fixture and secured using the

LI aaSy3asSN) aSrta fFL) oStaG Ay GKS YIYyySNI aLISOAT
with the CRS. The maximum force applied to the free end of the lap belt webbing being pulled
through the belt buckle tensionetention mechanism shall not exceed 67 N (15lb) and the
maximum force shall be applied for a period no longer than 3s. No other force may be applied

to the CRS during the adjustment of the passenger seat lap belt. The CRS shall not be
repositioned after he passenger seat lap belt has been tightened.

Page 7, new paragraph 5.1.2 reads as follows:

5.1.2 Rigid Bar Lower Anchorages: The CRS may be installed in the modified test fixture and secured to the rigid
bar lower anchorages as follows:

Page 7, aw paragraph 5.1.2.1 reads as follows:

5.1.2.1 Flexible Lower Anchorage CRS Attachment: CRS equipped with adjustable webbing and latch plates may be

s,ecu[ed to the rigid bar lower gnchorage§ on the passenger seat. The maxjmurp forcq applied to the freeot;nds o
UKS /w{Qa f2¢6SNI | YOK2NI IS | G0l OKYSYUuU 66S00AYy3 ¢KSY Lizf t S}
the same as paragraph 5.1 of this AS. These types of CRS may also be secured to the passenger seat by attaching

them to the passenger seat laphiel  yOK2 N} 38 Ay GKS YIyySNI aLISOAFTASR 68 (KS
with the CRS.

Page 7, new paragraph 5.1.2.2 reads as follows:

5.1.2.2 Rigid Lower CRS Attachment: CRS equipped with rigid prongs may be secured to the rigid bar lower

anchoN} 3838 Ay GKS YIYyySN aLISOATASR o6& GKS YI ydzFl Ol dzZNBNRa A\
Page 9, new second paragraph 6.1.2 reads as follows:

All portions of the Anthropophic Test Dummy (ATD) torso shall be retained within the CRS. The

centre point of he target points on either side of the ATD head shall pass through the transverse

orthogonal planes whose intersection contains the forwardst and topmost points on the
CRS surfaces.

Page 10, new paragraph 6.5.1 reads as follows:
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6.5.1 Post Test Redse of Integral Restraints on the CRS: The force to release the buckle on the
CRS integral restraintse 5.4)shall not exceed,3 kg (16 pounds)

17. Page 10, disregard paragraphs 7.1a through e. Marking of the article shall be in accordance with
paragaphs 7.1f throughr.1h,and the paragraph 4 of this ETSO.

18. Page 11, disregard paragraphs 7.1h through m. New paragraph 7.1h reads as follows:

h. The following statement on yellow background with black text, regarding the installation and
use of CRS:

a 2ARN’ING! DEA‘[H OR QERIOUS I[\IJUEQY CAN OCCURL Eollow gll instructions on,thishchild
NBEauNIAYyUu YR AY UKS Yl ydzZl OUdzNENRa gNAUUSY 2

- Do not place this device behind any wall or seat back in an airplane that has an airbag.
- Do notuse in any passenger seat that has an inflatable seat belt.
- Use only in a forward facing seat. Do not use in a rear facing seat or a side facing seat.

- Attach this child restraint with the airplane passenger seat lap belt or rigid bar anchorage
system if sequipped. This child restraint is not designed to be used with a shoulder strap
or any other tether strap to the seat or airplane.

- Snugly adjust the belts provided with this child restraint around your child.

19. Page 12, paragraph 7.1l. Disregard thisyggiaph, as it has been included in the new paragraph
7.1h.

20 Page 16, Figure A6. Disregard this Figure, as it no longer applies. The substance of this warning
is now in paragraph 7.1h.

[Amdt ETSO/3]
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APPENDIX2 TOETSGBC10® ¢ TEST CONDITIONS

ED Decisio 2008/012/R
SAE AS 5276/1 incorporates, as references, the following test standards:
- SAE RP J211, Instrumentation for Impact Tests;

- SAE AS8049A, Performance Standard for Seats in Civil Rotorcraft, Transport Aircraft and General
Aviation Aircraft;

- SAE RP4466, Dimensional Compatibility of Child Restraint Systems and Passenger Seat Systems
in Civil Transport Airplanes;

- 49 CFR Part 572, Anthropomorphic Test Dummies;
- CS 25.853(a) [Appendix F, Part I(a)(iv)].
[Amdt ETSO/3]
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ETSGAC101

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Overspeed Warning Instruments
1 Applicability

This ETSO gives the requirements which overspeed warning instruments, that are manufactured
on or after the date of this ETSO must meet in order to be identified with the ap@idabEO
marking.

2 Procedures
2.1 General
Procedures are detailed in €3 SCGsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society Afitomotive Engineers, Inc., (SAE) Aerospace
{GFYRFENR 6! {0 ynnt ah@SNRLISSR 2 NyAy3

3.1.2 Environmental Standard

See C&ETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Refeenced Document

See CETSGubpart Aparagraph 3.
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ETSGAC102

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Airborne Radar Approach and Beacon Systems for Helicopters

1 Applicability

This ETSO gives the raguents which airborne radar approach and beacon systems for
helicopters that are manufactured on or after the date of this ETSO, must meet in order to be
identified with the applicable ETSO marking.

2 Procedures

2.1

2.2

General
Procedures are detailed in €6SOSubpart A
Specific

None.

3 Technical Conditions

3.1

3.2

4.1

4.2

General
3.1.1 Minimum Performance Standard

Standards set forth in Radio Technical Commission for Aeronautics (RTCA)
Document D&.72 change 1 dated Man@5, 1983 as amended and supplemented
by this ETSO:

Exceptions

The provisions of paragraph 3.0, Beacon Requirements of paragraph 3 of RTCA
document D@L72 pertain to ground based equipment and, therefore, are
excluded from this ETSO.

3.1.2 Environmental &indard

See CETSCubpart Aparagraph 2.1
3.1.3 Computer Software

See CETSGubpart Aparagraph 2.2
Specific

None.

Marking

General
Marking is detailed I€SETSGsubpart Aparagraph 1.2.
Specific

None.

Availability of Referenced Document

See CETSGsubpart Aparagraph 3.

Powered by EASA eRules Page2540of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
X E ASA Orders (C&ETSO) (Amendment 3) ETSAC10:

ETSAC103

ED Decision 2003/10/Rpplicabé from 24.10.2003)

Continuous Flow Oxygen Mask Assembly
(for Nontransport Category Aircraft)

1 Applicability

This ETSO gives the requirements which continuous flow aviation oxygen masks that are
manufactured on or after the date of this ETSO must meefrder to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Procedures are detailed in €3 SCGsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Staraald

Standards set forth in the Society of Automotive Engineers, Inc., (SAE) Aerospace
{GFYRFENR 6! {0 MHHN! af/2yliAydz2dza Ct2¢ | @)
15, 1971, revised January 15, 1978, as amended and supplemented by this ETSO:

- Exception. Maskdefined as ope#port or restrictivedilution masks without
rebreathing or reservoir bag as defined by Aerospace Standard AS 1224A,
paragraph 1.4(d) are not eligible for approval under this ETSO.

3.1.2 Environmental Standard
As per Aerospace Standard AR42, paragraph 3.4.1.
3.1.3 Computer Software

None
3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC105

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Optional Display Equipment for Weather and Ground Mapping Radar Indicators
1 Applicability

This ETSO gives the requirememthich optional display equipment for weather and ground
mapping radar indicators that are manufactured on or after the date of this ETSO must meet in
order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable Procedureare detailed in GETSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Radio Technical Commission for Aeronautics (RTCA)
document DAT N aaAyAYdzY hLISNI GA2YIf t SNF2NYI
Equipment which Displays Né&adar Derived Data on Weather and Ground

al LIWAY3I LYRAOIFIG2NRAGS RIFIGSR al NOK mMmpymo

3.1.2 Environmental Standard

See CETSGub@rt Aparagraph 2.1.
3.1.3 Computer Software

See CETSGsubpart Aparagraph 2.2.

3.2 Specific.
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.
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ETSAC106

1 Applicability

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Air Data Computer

This ETSOwgs the requirements which air data computers that are manufactured on or after
the date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures

2.1 General

Applicable Procedures are detailed inECSSCubpart A

2.2 Specific

None.

3 Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard

{GFYyRINRE aSd F2NIK Ay GKS {!9 ! SNRALN
/ 2YLdzi SN RIFIGSR ! LINAf OMmZ mopyp Fa | YSYRS

Paragraph 4.2 of document AS 8002 shall be deleted and replaced by the
following:

Static source Error Correction (if applicable)

Unless otherwise noted. outputs may be corrected for static source errors
of the specific aircraft model in which the computs intended to be used.

The tolerance of correction value produced from the correction profile
(correction curve) residing in the computer shall be the sum of the following:

A plus or minus of theoretical value of correction or equivalent of plus
or minus 8.44 Pa (.0025 inch HQ) static pressure, whichever is greater.

B Value of correction curve slope times the tolerance of independent
variable programming the correction curve.

When testing corrected parameters (altitude, airspeed or mach) the nominal
value of the parameter at each test point indicated in Tables 1, 3 or 4 shall
be adjusted to include the correction value with tolerance limits set per (A)
and (B) above.

Exception TABLE 3, CALIBRATED AIRSPEED: A looser tolerance of plus or
minus 6.5 km/h (& knots) may be used at the 148 km/h (80 knots)
reference point.

3.1.2 Environmental Standard

SeeSubpart Aparagraph 2.1

3.1.3 Computer Software
SeeSubpart Aparagrag 2.2

3.2 Specific
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None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Availability of Referenced Document
See CETSCBubpart Aparagraph 3.
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ETSAC109

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Navigation Data Storage System
1 Applicability

This ETSO gives the requirements which airborne navigation data storage systems that are
manufactured on or aftethe date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Condibns
3.1 Basic
3.1.1 Minimum Performance Standard

{dFyRIFNRa aSiG F2NIK Ay (GKS Dfz2olf {e@a
{GFYRFENR F2NJ G6GKS ! AND2NYyS bl @Aaatraazy
1983.

4

GdSY
5|

3.1.2 Environmental Standard

See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC110a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Passive Thunderstorm Detection Systems
1 Applicability

This ETSO gives the requirements which new models of airborne passive thunderstorm
detection systems that are manufactured on or after the date of this ETSO must meetin order
to be identified withthe applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards setforth in Radio Technical Commission for Aeronautics (RTCA)
DocumentNo. D@ cpmX R20dzYSyd oaAyAYdzyY hLISNI GAz2Yy

AAAAA

F2NI LYy ! AND2NYS ¢KdzyRSNEG2NY 5S0S0GA2Yy ¢
3.1.2 Environmental Standard

See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC113

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Multipurpose Electronic Displays
1 Applicability

This ETSO gives the requirements which airborne multipurpose electronic displays that are
manufactured on or after the date of this ETSO must meet in order to be identified with the
applicable ETSO marking.

2 Procedures
2.1 General
Applicable Procedures are detailed inEEESCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace StandA&) document: AS 8034

a! AND2NYS adzZ GALMHzZNILI2AS 9f SOGNRBYAO 5A4LX
amended by this ETSO in particular, add the following information to paragraph

4.3.3 of AS 8034:

allKS F2ff26Ay3 RSLAOGaA O
meaning for electronic display systems:

- A

SitJudctdialS RA a LJ

(@) Display feature should be colour coded as follows:

Warnings Red

Flight envelope and system limits Red
Cautions, abnormal sources Amber/Yellow
Earth Tan/Brown
Scales and associated figures White
Engaged modes Green

Sky Cyan/Blue

(b) Precipitations and turbulence areas should be coded as follows:

Precipitation up to 4 millimeter per hour (mm/h) Green

" 4-12 mm/h Amber/Yellow

" 12-50 mm/h Red

" above 50 mm/h Magenta
Turbulence White orMagenta

(c) Background colour (Grey or other shade)
Background colour may be used to enhance display presentation

Colours must track brightness so that chrominance and relative chrominance
separation are maintained as much as possible duringniiyt LIS NI G A 2y a ® &
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3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CGETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCBubpart Aparagraph 1.2.
4.2 Specific
None
5 Availability of Referenced Document

See C&ETSGubpart Aparagraph 3.
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ETSAC114

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Torso Restraint Systems
1 Applicability

This ETSO gives the requirements which torso restraint systems that are manufactured on or
after the date of this ETSO must meet in order to be identified wittagiicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set foht in the SAE Aerospace Standard (AS) document: AS 8043
a! ANONI F4 ¢2NER2 wSadNIAyd {eadSyaz RIGS]

3.1.2 Environmental Standards

(i)  American Society for Testing Materials (ASTM)}&R3Standard Practice for
Operating LighExposure Apparatus §honArc Type) With and Without
Water for Exposure of Nonmetallic Materials.

(i) ASTM DI173, Standard Method of Salt Spray (Fog) Testing.

(i) ASTM D758, Standard Practice for Determination of Weight and Shape
Changes of Plastics Under Accelerg®edvice Conditions.

3.1.3 Tests Methods

(i)  American Association of Textile Chemists and Colorists (AATCC) Standard
Test Method 81981, Colorfastness to Crocking.

(i)  AATCC Standard Test Method 4@B1, Colorfastness to Water.
(i)  Federal Test Metho8tandard 191 Method 5906.
(iv) AATCC Chart for Measuring Transference of Color.

3.1.4 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General

Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Speific
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None
5 Availability of Referenced Document
1. See GETSCsubpart Aparagraph 3.

2. AATCC Chart for Measuring Transference of Color and Standard Test Mat&g&ls &nd
107-1981 may be purchased from the Amenic Association of Textile Chemists and
Colorists, P.O. Box 12215, Research Triangle Park, NC 27709.

3. Federal Test Method Standard 191 Method 5906 may be purchased from the Commanding
Officer, Naval Publications and Forms Center, 5801 Tabor Avenue, Phiagddi
19120.
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ETS@C115b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Area Navigation Equipment using MulBensor Inputs
1 Applicability

This ETSO gives the requirements which airborne area navigation equipment usirgenmsgti
inputs that is manufactured on or after the date of this ETSO, must meet in order to be identified
with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Secific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in EUROCAE document5&RJune 1988) (RTCA &
(1984)).

3.1.2 Use of Global Positioning System Sensors

EUROCAE document EDH | = o a A Yy A Y dz¥erfonmal&el $Staindarls/for t
Airborne Supplemental Navigation Equipment Using Global Positioning System
0Dt {0 a& RI (S RETSEIRIatAirberrd BupplementaRNavigation
Equipment Using Global Positioning t8gs (GPS), provide standards for the use of
GPS sensors. These standards provide additional and, in some cases, contradictory
requirements to the requirements of this ETSO. Additional operational capabilities
have been authorized for aircraft equipped witBTS@C129a compliant
equipment. Ifthe ETSO applicant wishes to manufacture equipment that is eligible
for these additional operational capabilities, then the applicant must certify that
the GPS sensor is compliant with EX3Q9a. In this case the follow criteria

shall apply:

()  All additional standards contained IETSE@C129athat apply to the
appropriate class (B or C) of sensor being incorporated into the-sarisor
system must be complied with in additibm the requirements of this ETSO.

(i)  The performance requirements &TSEC129atake precedence over this
ETSO when the GPS sensor is being used for navigation. It is acceptable to
revert to the criteria of thi€TSO when the GPS sensor is not installed or is
otherwise not available. Reversion from ET&I29a requirements to ETSO
C115b requirements must be continuously in the pilot's primary field of
view.

(i) If any conflict is encountered between the two ETSEOBESEC129awill
always take precedence over EFSTL5b.

(iv) The requirements oETS@C129athat are applicable to the muksensor
system must be demonstrated as a partdefmonstrating compliance with
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this ETSO. All testing which would require inputs from a GPS sensor must be
conducted with a sensor that has been demonstrated to meet the criteria of
ETS@C129afor the class of sensor required by the nugéinsor system
being evaluated. It is acceptable to simultaneously demonstrate compliance
with ETS@129afor the sensor and ETSC115b for the multsensor
system.

3.1.3 Environmental Standard

See CETSGbubpart Aparagraph 2.1.
3.1.4 Computer Software

See CETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC116

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Crewmember Protective Brebding Equipment
1 Applicability

This ETSO gives the requirements that new models of crewmember protective breathing
equipment must meet in order to be identified with applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard
{GFyRFENR& &S0 TRedakKavidtigh AdnfoBtration Standd S R o
CSOYSYOSNI t NEPUSOUAGS . NBFIUKAY3 91dA LIYSy U

3.1.2 Environmental Standard

See CGETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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APPENDIX TOETSEC116¢ FEDERAAVIATIONADMINISTRAIDN STANDARD

FOROREWMEMBERROTECTIVBREATHINEQUIPMENT

ED Decision 2003/10/RM

1.0 Purpose. This appendix provides minimum standards for crewmembers protective breathing
equipment.

2.0 Scope. These standards apply to protective breathing equipment thra@vides any
crewmember with the ability to locate and combat a fire within the airplane cabin or any other
accessible compartment at normal cabin altitudes (up to 8000 feet equivalent).

3.0 Minimum Performance Standards.

3.1

3.2

3.3

3.4
3.5
3.6

3.7

3.8

3.9

3.10

3.11

3.12

The PBE unit must containsaepply of breathable gas (allows the use of any breathable
gas instead of requiring only oxygen and does allow the use of a chemical oxygen
generator).

The unit shall adequately protect any adult, within the 5th percentile female (neck size
circumfererce 11.1 inches) and 95th percentile male (neck size circumference 16.4
inches) body dimensions (including spectacle users). Any recommendations addressing
long hair and/or beards shall be included in the instructions furnished with the
manufactured units.

The unit shall have a means for any crewmember to determine the serviceability of the
unit in its stowed condition.

Failure of the unit to operate or to cease operation shall be readily apparent to the user.
The supply of breathable gas shatt@t the applicable SAE gas standard for purity.

The unit shall not result in a hazard when stored, in use, or during an inadvertent
operation.

The stowed unit shall not be adversely affected by environmental extremes. The
applicable sections of RA®O160C shall be used to demonstrate unit compliance.

The unit shall have a stated reliability with an appropriate confidence level to establish
any shelf life, operational limit and/or maintenance interval.

The unit shall wear comfortably in useaving both hands free. It shall not be displaced
during the normal tasks of locating and combating a fire (i.e., crawling, kneeling, running
actions, etc.).

The unit shall provide adequate vision capability for its intended use, including the
consderation of fogging and/or condensation.

The unit must allow intelligible twavay communication, including the use of airplane
interphone and megaphone. The user must be able to communicate with a user or
nonuser at a distance of at least four metefsbackground noise of 65db and a user
communication sound level of 85db or equivalent method is recommended.

The unit shall be capable of being easily donned and activated, after gaining access to the
stowed unit within 15 seconds. It must be easyltif.

4.0 Performance Requirements. The following shall apply to the approval of any crewmember PBE
design to be identified and manufactured to this TSO:
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4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

The unit shall provide the required protection for the following work load profile, at an
ambienttemperature of 21°C for adults within the 5th percentile female (107 lbs) and
95th percentile male (220 Ibs) body weight, at sea level and 8000 feet altitude:

0 to 05 minutes at 0.33 watts per Ib. body weight.
5 to 07 minutes at 0.66 watts per |b. bodsight.
7 to 12 minutes at 0.50 watts per Ib. body weight.
12 to 14 minutes at 0.66 watts per Ib. body weight.
14 to 15 minutes at 0.33 watts per Ib. body weight.
NOTE: This test is to be performed in sequence.
The mean inspiratory values shall bihin the following limits:

4.2.1 The carbon dioxide concentration level at mouth/nose shall not exceed 4 percent
at sea level. The concentration may increase to 5 percent at sea level for a period
not to exceed 2 minutes.

4.2.2 The carbon monoxide levehall not exceed 50 ppm, time weighted average.
4.2.3 The chloride level shall not exceed 1 ppm, time weighted average.

Upon donning, the unit shall be self purging by a sufficient supply of breathable gas to
ensure one complete dead volume displacemaeiitthin 20 seconds of initial operation.

The unit shall protect the user against toxic fumes and smoke. The eyes, nose, and mouth
must be protected to 0.05 mean contaminant protection factor during the work profile
stated as item 1 of this paragraphedspace Standards (AS) 8031 and 8047 (Class 1) may
be used as references, as applicable. AS 8031, states that the test contaminant must be
n- pentane or similar gas having a molecular weight less than 100. The use of sulphur
hexafluoride (Sfy is an acceable alternative. The use of aerosols such as sodium
chloride (NaC1) or corn oil are not considered acceptable as an alternative for a challenge
gas. Component sensitivity to particle size and the potential to precipitate on the unit
surface are considet®ns that make aerosols unacceptable to measure a contaminant
protection factor.

The internal temperature of the unit shall not exceed 40° wet bulb at an ambient
temperature of 21°C.

The internal temperature of the unit shall not exceed 50°C weéb.bfor a 2 minute
exposure, at an ambient temperature of 100°C.

Breathing inspiration/expiration resistance shall not exceed 3 1/2 inches of water from
sea level to 8000 feet altitude, as measured at the mouth.

The unit shall operate at a meangive pressure and shall incorporate relief valve(s) to
prevent overpressure of the unit.

The unit shall be designed for peak breathing flows of 250 liters per minutes (LPM) and
shall be capable of 80 liteninute volume for a 30 second period at aiye throughout
its operation.

NOTE:

The test protocol to establish the combined performance requirement of the work load
profile and contaminant levels shall be based upon the testing of 24 persons
representative of the stated population range.
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6.0

5.0

51

5.2

5.3

54

Constuction Requirements. The following shall apply to the approval of any subject PBE
design to be identified and manufactured to this TSO:

The unit and any stowage container/case shall be constructed of materials that are flame
resistant that satisfy theequirements of FAR Section 25.853 and tested in accordance
with Appendix F Part | (a) through (d) Vertical Test.

Any exposed portions of the unit and stowage case shall withstand and remain functional
when exposed to a radiant heat flux of 1.0 BTgker second for 60 seconds. The unit
shall also protect the head and neck of the user from dripping 200°C plastic materials and
withstand a 1000°C flame for 5 seconds without material penetration while operational.

NOTE:

(1) The 1.0 BTU/ per second for60 seconds criteria. A radiant heat source of
sufficient size to expose the stowage case containing a PBE unit and any exposed
portions of the unit in a manner to obtain the stated heat flux at the case surfaces,
in a typical as installed arrangement, Wil acceptable.

(2) Protection from dripping 200°C plastic material may be accomplished by a number
of methods. One method is to ignite a polypropylene rod and allow the drops to
impinge on the various external materials, seams, transparency, etc. The drop
height should be adjusted so that the drop contact temperature is at least 200°C.

(3) The 5second 1000°C test. This test is meant to protect a crewmember wearing the
PBE from an unexpected flame lick. The two main concerns are failure of the unit
that would injure the wearer and any leakage of the breathable atmosphere that
could produce an explosion or hazard. The test rig shall expose the unit, while
operating, to a 1000°C flame envelope. One company has used German Teklu
burners with a flow rate of aha 21 liters per minute. The flow rate and distance
of the burner to the surface of the PBE unit being tested will need to be adjusted
to obtain the required temperature. In most cases the flame plume developed will
not expose the complete unit. A segmenty be passed through the flame plume
to obtain the 5 seconds exposure period and then rotated to the next segment and
passed through the flame plume, etc., until the complete unit has been tested. A
visual (i.e., videotape) record to this test might beefu$ documentation, in
addition to the measured parameters.

The size of the PBE unit when donned shall allow the wearer to pass through any access
appropriate to the airplane type for which approval is requested, to investigate and/or
combat an inflighfire. As a generic standard, the wearer must be able to pass through
460X460 mrhopening.

The material and fabrication of the unit shall cause the unit to be puncture/tear resistant.
See ASTM references for suggested methods.

References. The folving may be helpful in developing a PBE design and/or obtaining FAA
approval of the basic design, they are not of themselves FAA requirements and may differ from
the TSO requirements, which take precedence:

SAE AS 8047 (Class Performance Standard f@€abin Crew Portable Protective Breathing

Equipment for Use During Aircraft Emergencies.

SAE AS 8031 Personal Protective Devices for Toxic and Irritating Atmospheres. ,

Transport Crew Member.
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SAE AS 8010
FAAAM-7841

ASTM D1149
ASTM D624
ASTM D750
ASTM D228
ASTM D192B7

ASTM D10086

ASTM D25887

Aviators Breathing Oxygen Purity Standard.

A Study of Workload and Oxygen Consumption for Airline Cabin C
Member During a Simulated Inflight Smoke/Fire Emergency.

Accelerate Ozone Cracking of Vulcanized Rubber.
Rubber Propertyf ear Resistance.

Rubber Deerioration.

Abrasion Resistance.

Standard Test Method for Propagation Tear Resistance of Plastic |
and Thin Sheeting by Pendulum Method.

Standard Test Method for Initial Tear Resistance of Plastic Film ar
Sheeing.

Standard Test Method for Punctufropagation Tear Resistance of
Plastic Film and Thin Sheeting
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ETSAC117a

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Airborne Windshear Warning and Escape Guidance Systems (Redstpe) forTransport
Aeroplanes

1 Applicability

This ETSO gives the requirements that airborne windshear warning and escape guidance
systems (reactive type) for transport aeroplanes which are manufactured on or after the date
of this ETSO, must meet in order to bentfied with the applicable ETSO marking. It is not
applicable to systems that look ahead to sense windshear conditions before the phenomenon
is encountered nor to systems that use atmospheric and/or other data to predict the likelihood
of a windshear ale.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1- General
3.1.1 Minimum Performance Standard
a. Purpose and Scope.

(1) Introduction. This ETSO prescribes the minimum performance
standards for airborne windshear warning and escape guidance
systems for transport category aeroplanes. This document defines
performance, functions, and features for systems providing
windshear warning andescape guidance commands based upon
aSyaiy3a (GKS FFSNRLIIyYySQa SyO2dz/ G SNJ
windshear warning and escape guidance systems that are to be
identified with ETSO identification and that are manufactured on or
after the date of this ETS@ust meet the minimum performance
standard specified herein.

(2) Scope. This ETSO applies only to windshear warning systems which
identify windshear phenomenon by sensing the encounter of
conditions exceeding the threshold values contained in this ETSO. In
addition to windshear warning criteria, this ETSO provides criteria
applicable to systems that provide optional windshear caution alert
capability. Windshear escape guidance is provided to assist the pilot
in obtaining the desired flight path during suah encounter.

(3) Applicable Documents. The following documents shall form a part of
this ETSO to the extent specified herein. Should conflicting
requirements exist, the contents of this ETSO shall be followed.

()EUROCAE/RTCA Document -1ED/DOM ¢ 11 5 3 ironméntald
I 2y RAGAZ2Y A YR ¢Sad tNRBOSRdANBSa
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change 3, dated December 2002 respectively subsequent
revisions, see GISTSCsubpart A8 2.

() EUROCAE/RTCA Document -1I2BIDOMT Yy . X a{2Fdsl
Gonsiderations in Airborne  Systems and Equipment
/| SNIAFAOLIGA2yZad RIGSR 5SOSY06SNI
revisions, see GISTSCsubpart A8 2.

(i) Society of Automotive Engineers, Inc. (SAE) Aerospace
Recomns Y RSR t N} OGAOS 6! wtO nNMAHKMM
{éadisSyaza RIUSR WdAZ é wmdyyd

(4) Definitions of Terms.

()  Airborne Windshear Warning System. A device or system which
uses various sensor inputs to identify the presence of
windshear once the phenomena is@untered and provides
the pilot with timely warning. The system may include both
windshear warning and windshear caution alerts. A warning
device of this type does not provide escape guidance
information to the pilot to satisfy the criteria for warning @n
flight guidance systems.

(i)  Airborne Windshear Warning and Escape Guidance System. A
device or system which uses various sensor inputs to identify
the presence of windshear once the phenomenon is
encountered and provides the pilot with timely warningda
adequate flight guidance to improve the probability of recovery
from the windshear encounter. This system may include both
windshear warning and windshear caution alerts.

(i)  Airborne Windshear Auto Recovery System. A device or system
which integratesor couples autopilot and/or autothrottle
systems of the aircraft with an airborne windshear flight
guidance system.

(iv)  Airborne Windshear Escape Guidance System. A system which
provides the crew with flight guidance information to improve
the recovery pobability once encountering a windshear
phenomenon.

(v) Failure. The inability of a system, subsystem, unit, or part to
perform within previously specified limits.

(vi) False Warning or Caution. A warning or caution which occurs
when the design windsheavarning or caution threshold of the
system is not exceeded.

(vii) Nuisance Warning or Caution. A warning or caution which
occurs when a phenomenon is encountered, such as
turbulence, which does not, in fact, endanger the aircraft
because of the duration aubsequent change of the windshear
maghnitude.
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(viii) Recovery Procedure. A vertical flight path control technique
used to maximize recovery potential from an inadvertent
encounter with windshear.

(ix) Severe Windshear. A windshear of such intensity amdtan
which would exceed the performance capability of a particular
aircraft type, and likely cause inadvertent loss of control or
ground contact if the pilot did not have information available
from an airborne windshear warning and escape guidance
systemwhich meets the criteria of this ETSO.

(X) Windshear Caution Alert. An alert triggered by increasing
performance conditions which is set at a windshear level
requiring immediate crew awareness and likely subsequent
corrective action.

(xi)  Windshear Warnig Alert. An alert triggered by decreasing
performance conditions which is set at a windshear level
requiring immediate corrective action by the pilot.

b. General Standards. The following general requirements shall be met by all
windshear warning and escapeidance systems:

(1) Airworthiness. Design and manufacture of the airborne equipment
must provide for installation so as not to impair the airworthiness of
the aircraft. Material shall be of a quality which experience and/or
tests have demonstrated to bsuitable and dependable for use in
aircraft systems. Workmanship shall be consistent with high quality
aircraft electromechanical and electronic component manufacturing
practices.

(2) General Performance. The equipment must perform its intended
function, as defined by the manufacturer.

(3) Fire Resistance. Except for small parts (such as knobs, fasteners, seals,
grommets, and small electrical parts) that would not significantly
contribute to the propagation of fire, all materials used must be-self
extingushing. One means for showing compliance with this
requirement is contained in CS 25.853 and Appendix F.

(4) Operation of Controls. Controls intended for use during flight shall be
designed to minimize errors, and when operated in all possible
combinationsand sequences, shall not result in a condition whose
presence or continuation would be detrimental to the continued
performance of the equipment.

(5) Accessibility of Controls. Controls that are not normally adjusted in
flight shall not be readily acceskitio the operator.

(6) Interfaces. The interfaces with other aircraft equipment must be
designed such that normal or abnormal windshear warning and
escape guidance equipment operation shall not adversely affect the
operation of other equipment.

(7) Compaitbility of Components. If a system component is individually
acceptable but requires calibration adjustments or matching to other
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(8)

)

(10)

(11)

(12)

(13)

14)

(15)

components in the aircraft for proper operation, it shall be identified
in a manner that will ensure performance to the reauninents
specified in this ETSO.

Interchangeability. System components which are identified with the
same manufactured part number shall be completely
interchangeable.

Control/Display Capability. A suitable interface shall be provided to
allow data nput, data output, and control of equipment operation.
The control/display shall be operable by one person with the use of
only one hand.

Control/Display Readability. The equipment shall be designed so that
all displays and controls shall be readabteler all cockpit ambient
light conditions ranging from total darkness to reflected sunlight and
arranged to facilitate equipment usage. Limitations on equipment
installations to ensure display readability should be included in the
installation instructios.

Effects of Test. The design of the equipment shall be such that the
application of the specified test procedures shall not produce a
condition detrimental to the performance of the equipment except as
specifically allowed.

Equipment Computatioal Response Time. The equipment shall
employ suitable update rates for computation and display of
detection and guidance information.

Supplemental Heating or Cooling. If supplemental heating or cooling
is required by system components to ensures ttie requirements

of this ETSO are met, they shall be specified by the equipment
manufacturer in the installation instructions.

SelfTest Capability. The equipment shall employ atssif capability
to verify propersystem operation.

(i)  Any manually initiated selftest mode of operation shall
automatically return the system to the normal operating mode
upon completion of a successful test.

(i)  Any automatically activated sdkst feature must annunciate
this mode of operation to the pilot if thisehture activates
annunciation lights, aural messages, or displaces the guidance
commands in any way.

(i) Conduct of the system sdiest feature must not adversely
affect the performance of operation of other aircraft systems.

(iv) Failure of the systento successfully pass the sédfst shall be
annunciated.

Independence of Warning and Escape Guidance Functions.
Irrespective of whether the warning and escape guidance functions
are in a combined system or are separate systems, they should be
sufficiently independent such that a failure of either system does not
necessarily preclude or inhibit the presentation of information from
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the other. A warning system failure shall not result in ambiguous or
erroneous guidance system mode annunciation.

(16) Systen Reliability.

(i)

(i)

The probability of a false warning being generated within the
windshear warning system or the windshear warning and
escape guidance system shall be 1 % @0less per flight hour.

The probability of an unannunciated failure of thendshear
warning system or the windshear warning and escape guidance
system shall be 1 x $@r less per flight hour (reserved).

C. Equipment Functional RequirementStandard Conditions.The equipment
shall meet the following functional requirements.

@)

)

©)

(4)

Mode Annunciation. The windshear escape guidance display mode of
operation shall be annunciated to the pilot upon escape guidance
activation during a windshear encounter and upon reversion to a
different flight guidance mode.

Malfunction/Failure Ingtations. The equipment shall indicate:

0)
(if)
(i)

(iv)

Inadequate or absence of primary power.
Equipment failures.

Inadequate or invalid warning or guidance displays or output
signals.

Inadequate or invalid sensor signals or sources.

These  malfunctioffailure  indications  shall  occur
independently of any operator action. The lack of adequate
warning displays, escape guidance information, or sensor
signals or sources shall be annunciated when compliance with
the requirements of this ETSO cannot be assure

Windshear Caution Alert. If the equipment includes a windshear
caution alert:

(i)

(ii)

(ii)

It shall provide an annunciation of increasing performance
shear (updratft, increasing headwind, or decreasing tailwind) in
accordance with the shear intensity curveosm in figure 1.

This caution alert shall display or provide an appropriate output
for display of an amber caution annunciation dedicated for this
purpose. An aural alert may be provided as an option. The
caution display (or output) should remain unthe threshold
windshear condition no longer exists (not less than a minimum
of 3 seconds) or a windshear warning alert occurs.

Gust conditions shall not cause a nuisance caution alert.
Turbulence shall not cause more than one nuisance caution
alertper 250 hours (or 3,000 flight cycles based on 1 hour/flight
cycle) of system operation.

Windshear Warning Alert.
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(®)

(6)

(i) A windshear warning alert shall provide an annunciation of
decreasing performance shear (downdraft, decreasing
headwind, or increasm tailwind) with a magnitude equal or
greater than that shown in the shear intensity curve shown in
figure 1.

(i)  This warning alert shall display or provide an appropriate
output for display of a red warning annunciation labeled
a gAY REKSI NI thiRpbrRoseOThé il afeg sthduld
remain at least until the threshold windshear condition no
longer exists or a minimum of 3 seconds, whichever is greater..
Py |dz2N>X £ €SNI aKFff 06S LINROA
for three aural cycles. The auert need not be repeated for
subsequent windshear warning alerts within the same mode of
operation.

(i) Gust conditions shall not cause a nuisance warning alert.
Turbulence shall not cause more than one nuisance warning
alert per 250 hours (or 3,000ight cycles based on 1
hour/flight) of system operation.

Operating Altitude Range. The system shall be designed to function
from at least 50 feet above ground level (AGL) to at least 1000 feet
AGL.

Windshear Escape Guidance. Flight guidance #fmgosi shall
incorporate the following design considerations:

()  Atthe point of system warning threshold, the available energy
of the aeroplane must be properly managed through a
representative  number of windfield conditions. These
conditions must take it account significant shear components
in both the horizontal and vertical axes, individually and in
combination.

(i)  The flight path guidance commands must be suitable to the
dynamic response of aircraft of the type on which the system is
intended for irstallation.

(i) If the magnitude of the shear components are such as to
overcome the performance capability of the aeroplane,
guidance commands must be such that ground impact will
occur in the absence of ability to produce additional lift,
absence of esessive kinetic energy, and without putting the
aircraft into a stalled condition.

(iv)  Flight guidance command information shall be provided for
presentation on the primary flight display/attitude direction
indicator (PFD/ADI) and any available Head dpl@y (HUD).

(v) Flight guidance displays which command flight path and pitch
attitude should be limited to an anglef-attack equivalent to
onset of stall warning or maximum pitch command of’,27
whichever is less.
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(vi) Flight guidance commands and anyt@uecovery mode (if
included) may be automatically activated concurrent with or
after the windshear warning alert occurs or may be manually
selected. If manual selection is utilized, it shall only be via the
takeoffgo around (TOGA) switch or equivaleneans (i.e., a
function of throttle position, other engine parameters, etc.).

(vii) Manual deselection of windshear flight guidance and any auto
recovery mode (if included) shall be possible by means other
than the TOGA switches.

(viii) Systems incorporatm automatic reversion of flight guidance
commands from windshear escape guidance to another flight
guidance mode should provide a smooth transition between
modes. Flight guidance commands shall not be removed from
the flight guidance display until eitheranually deselected or
until the aircraft, following exit of the warning conditions, has
maintained a positive rate of climb and speed above 1,8vY
at least 30 seconds.

FIGURE 1
SHEAR INTENSITY CURVE
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favx= average shear intensity to cause a wagat time tx (resulting in a 20 knot windspeed change,
bounded as shown; applies to horizontal, vertical, and combination shear intensities)

whereby f(t) = instantaneous shear intensity at time t

A nuisance warning test utilizing the Dryden turbulence model and discrete gust model are
conducted independently from alert threshold tests to verify the acceptagbilit potential
nuisance warnings due to turbulence or gusts.

d. Equipment Performance Environmental Conditions. The environmental
tests and performance requirements described in this subparagraph are
intended to provide a laboratory means of determininbge overall
performance characteristics of the equipment under conditions
representative of those that may be encountered in actual operations. Some
of the environmental tests contained in this subparagraph need not be
performed unless the manufacturer sties to qualify the equipment for that
particular environmental condition. These tests are identified by the phrase
a2 KSy wSIldANBR®ad LF GKS YI ydzZl ObG dzZNBNJ
0KSAaS | RRAGAZYI € SYGANRBYYSYillfta O2yRAL
tests shall be performed.
Unless otherwise specified, the test procedures applicable to a
determination of equipment performance under environmental test
conditions are set forth in EUROCAE/RTCA Documei EIDQ160D,

A9YPANRYYSY(ilf RAFRSRIALE FFEFRI ¢ 5§KHD 2 NY
Performance tests which must be

made after subjection to test environments may be conducted after
exposure to several environmental conditions.

(1) Temperature and Altitude Tests (EBD/DO160D, Section 4.0).
EUROCAEMRCA Document EDID/DQO160D contains several
temperature and altitude test procedures which are specified
according to the category for which the equipment will be used. These
categories are included in paragraph 4.2 of-EID/DQ160D. The
following subpaagraphs contain the applicable test conditions
specified in Section 4.0 of EI2D/DG160D.

0] Low Operating Temperature Test. The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DO160D, paragraph 4.5.1, dn the
following requirements of this standard shall be met:

(@) Section 3.1.1(c)()Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warnind\lert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance
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(ii)

(i)

(iv)

v)

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

High ShorTime Operating Temperature Test. The equipment
shall be subjected to the testonditions as specified in
EUROCAE/RTCA DocumertlED/DQ160D, paragraph 4.5.2,
and the following requirements of this standard shall be met:

(@) Section 3.1.1(c)(¥Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Secton 3.1.1(c)(3) Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

High Operating Temperature Test. The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DO160D, paragraph 4.5.3, and the
following requirements of this standard shall be met:

(@) Section 3.1.1(c)(¥Mode Annuriation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, @giays, inputs, and outputs
shall perform their intended functions.

In-Flight Loss of Cooling Test (When Required). The equipment
shall be subjected to the test conditions as specified in
EUROCAE/RTCA DocumentlED/DQ160D, paragraph 4.5.4,
and the bllowing requirements of this standard shall be met:

(@) Section 3.1.1(c)()Mode Annunciation

(b) Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Altitude Test. The equipment shall be subjected to the test
conditions as specified in EUROCAKEIR Document ED
14D/D0O160D, paragraph 4.6.1, and the following
requirements of this standard shall be met:

(@) Section 3.1.1(c)(¥Mode Annunciation

Powered by EASA eRules

Page2800f 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
x E ASA Orders (C&ETSO) (Amendment 3) ETSAC117:

(b) Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Aft

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

(vi) Decompression Test (When Required). @gaipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DO160D, paragraph 4.6.2, and the
following requirements of this standard shall be met:

(@) Section 3.1.1(c)()Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall peform their intended functions.

(vii) Overpressure Test (When Required). The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/D0O160D, paragraph 4.6.3, and the
following requirements of this standard shall bet:

(@) Section 3.1.1(c)()Mode Annunciation

(b) Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guiaze

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

(2) Temperature Variation Test (ERID/DQ160D, Section 5.0). The
equipment shall be subjected to the test conditions as specified in
EUROCAE/RT@dcument EE14D/DG160D, Section 5.0, and the
following requirements of this standard shall be met:

(i)  Section 3.1.1(c)(¥Mode Annunciation

(i) Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Alert

(iv) Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.
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(3) Humidity Test (ER24D/DQ160D, Section 6.0 he equipment shall
be subjected to the test conditions as specified in EUROCAE/RTCA
Document EE4D/D0O160D, Section 6.0, and the following
requirements of this standard shall be met:

(i)  Section 3.1.1(c)(¥Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Alert

(iv)  Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shal perform their intended functions.

(4) Shock tests (E4D/DQ160D, Section 7.0).

()  Operational Shocks. The equipment shall be subjected to the
test conditions as specified in EUROCAE/RTCA Document ED
14D/DQO160D, paragraph 7.2, and the following reguirents
of this standard shall be met:

(@) Section 3.1.1(c)(¥)Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.11(c)(6) Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

(i)  Crash Safety Shocks. The application of the crash safety shock
tests may result in damage to the equipment endtest.
Therefore, this test may be conducted after the other tests have
0SSy O2YLISi{iSR® Ly GKAa OFasSz LI
2F ¢Sadza 2F GKAa adl yRIFINR R2Sa
be subjected to the test conditions as specified in
EUR@AE/RTCA Document -EBD/DO 160D, paragraph 7.3,
and shall meet the requirements specified therein.

(5) Vibration Test (ER24D/DQO160D, Section 8.0). The equipment shall
be subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DO160D, Section 8.0, and the following
requirements of this standard shall be met:

(i)  Section 3.1.1(c)(xMode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Alert

(iv)  Section 3.1.1(¢}) - Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance
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(6)

(7)

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Explosion Proofness Test (BD/DO160D, Section 9.0) (When
Reqgured). The equipment shall be subjected to the test conditions as
specified in EUROCAE/RTCA Documert4E2DQO 160D , Section
9.0. During these tests, the equipment shall not cause detonation of
the explosive mixture within the test chamber.

Waterprodness Tests (ED4AD/DQO160D, Section 10.0).

(i)

(ii)

(i)

Drip Proof Test (When Required). The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DQO160D, paragraph 10.3.1, and the
following requirements of this standashall be met:

(@) Section 3.1.1(c)(¥)Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Espe Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Spray Proof Test (When Required). The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/D0O160D, paragraph 10.3.2, and the
following requirements of this standard shall be met:

NOTE: This test shall be conducted with the spray directed
perpendicular to the most vulnerable area(s) as determined by
the equipment manufacturer.

(@) Section 3.11(c)(1) Mode Annunciation

(b)  Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, allsystem controls, displays, inputs, and outputs
shall perform their intended functions.

Continuous Stream Proof Test (When Required). The
equipment shall be subjected to the test conditions as specified
in EUROCAE/RTCA Documentl1ED/DQ160D, paragnsh
10.3.3, and the following requirements of this standard shall be
met:

(@) Section 3.1.1(c)()Mode Annunciation
(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert
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(d) Section 3.1.1(c)(4)Windshear Warning Alert
(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Fluids Susceptibility Tests @BD/DO160D, Section 11.0).

(i)

(ii)

Spray TestWhen Required). The equipment shall be subjected
to the test conditions as specified in EUROCAE/RTCA Document
ED14D/DO160D, paragraph 11.4.1, and the following
requirements of this standard shall be met:

At the end of the 2our exposure period, the egument shall
operate at a level of performance that indicates that no
significant failures of components or circuitry have occurred.
Following the twehour operational period at ambient
temperature, after the 16éhour exposure period at elevated
temperature, the following requirements of this standard shall
be met:

(@) Section 3.1.1(c)()Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warnind\lert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Immersion Test (When Required). The equipment shall be
subjected to the test conditionas specified in EUROCAE/RTCA
Document EEL4D/DQ160D, paragraph 11.4.2, and the
following requirements of this standard shall be met:

At the end of the 24our immersion period specified in ED
14D/D0O160D, paragraph 11.4.2, the equipment shall operate
at a level of performance that indicates that no significant
failures of components or circuitry have occurred. Following the
two-hour operational period at ambient temperature, after the
160-hour exposure period at elevated temperature, the
following requirenents of this standard shall be met:

(@) Section 3.1.1(c)(3)Mode Annunciation

(b) Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.(c)(6)- Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their
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)

(10)

(11)

(12)

intended functions.

Sand and Dust Test (HRD/DO160D, Section 12.0) (When
Required). The equipment shall be subjected to the testditions as
specified in EUROCAE/RTCA Documenfi4ED0O160D, Section
12.0, and the following requirements of this standard shall be met:

(i)  Section 3.1.1(c)(¥Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Sectim 3.1.1(c)(3) Windshear Caution Alert

(iv)  Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Furgus Resistance Test (#BD/DQ160D, Section 13.0) (When
Required). The equipment shall be subjected to the test conditions as
specified in EUROCAE/RTCA Document4EDQO 160D, Section
13.0, and the following requirements of this standard shall be met:

()  Section 3.1.1(c)(¥Mode Annunciation

(i) Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Alert

(iv) Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their

intended functions.

Salt Spray Test (EAD/DO160D, Section 14.0) (When Required). The
equipment shall be subjected to the test conditions as specified in
EUROCAEMCA Document EDAD/DG160D, Section 14.0, and the
following requirements of this standard shall be met:

(i)  Section 3.1.1(c)(¥Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Aft

(iv) Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Magnetic Effect Test (ED4D/DQ160D, 8ction 15.0). The equipment

shall be subject to the test conditions as specified in EUROCAE/RTCA
Document EEL4D/DQO160D, Section 15.0, and the equipment shall
meet the requirements of the appropriate instrument or equipment
class specified therein.
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(13) Power Input Tests (E04D/DO160D, Section 16.0).

(i) Normal Operating Conditions. The equipment shall be
subjected to the test conditions as specified in EUROCAE/RTCA
Document EE14D/D0O160D, paragraphs 16.5.1 and 16.5.2, as
appropriate, and the followingequirements of this standard
shall be met:

(@) Section 3.1.1(c)(¥Mode Annunciation

(b) Section 3.1.1(c)(2)Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Sectim 3.1.1(c)(6) Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their

intended functions.

(i)  Abnormal Operating Conditions. The application of the low
voltage conditions (DC) (Category B equipmézg) may result
in damage to the equipment under test. Therefore, this test
may be conducted after the other tests have been completed.
{SOUGA2Y odMPMOOUVOMMUIE a9 FFSOUGA
equipment shall be subjected to the test conditions ascsjed
in EUROCAE/RTCA DocumertlBED/DO 160D, paragraphs
16.5.3 and 16.5.4, as appropriate, and the following
requirements of this standard shall be met:

(@) Section 3.1.1(c)(¥Mode Annunciation

(b) Section 3.1.1(c)(2Malfunction/Failure Indicatins
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functius.

(14) Voltage Spike Conducted Test {EHMD/DQ160D, Section 17.0).

The equipment shall be subjected to the test conditions as specified
in EUROCAE/RTCA Documentl2D/D(0G160D, Section 17.0, and the
following requirements of this standard shall be met:

(@) Section 3.1.1(c)(¥Mode Annunciation

(b)  Section 3.1.1(c)(2Malfunction/Failure Indications
(c) Section 3.1.1(c)(3)Windshear Caution Alert

(d) Section 3.1.1(c)(4)Windshear Warning Alert

(e) Section 3.1.1(c)(6)Windshear Escape Guidance
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Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

(15) Audio Frequency Conducted Susceptibility Test-YED/DO160D,

(16)

a7

(18)

Section 18.0). The equipment shall be subjected to the test conditions
as specifiedn EUROCAE/RTCA DocumentlED/DQ 160D, Section
18.0, and the following requirements of this standard shall be met:

(i)  Section 3.1.1(c)(¥)Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windsher Caution Alert

(iv) Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Induced Signal Susceptityil Test (EEL4D/DQ160D, Section 19.0).
The equipment shall be subjected to the test conditions as specified
in EUROCAE/RTCA DocumeniilED/DQO160D, Section 19.0, and the
following requirements of this standard shall be met:

()  Section 3.1.1(c)(¥Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Caution Alert

(iv) Section 3.1.1(c)(4)Windshear Warning Alert

(v) Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system exdrols, displays, inputs, and outputs
shall perform their intended functions.

Radio Frequency Susceptibility Test (Radiated and Conducted) (ED
14D/DG160D, Section 20.0). The equipment shall be subjected to the
test conditions as specified in EUROEAEZA Document ERAD/DO
160D, Section 20.0, and the following requirements of this standard
shall be met:

(i)  Section 3.1.1(c)(¥Mode Annunciation

(i)  Section 3.1.1(c)(2Malfunction/Failure Indications
(i)  Section 3.1.1(c)(3)Windshear Cautionlért

(iv)  Section 3.1.1(c)(4)Windshear Warning Alert

(v)  Section 3.1.1(c)(6)Windshear Escape Guidance

Additionally, all system controls, displays, inputs, and outputs
shall perform their intended functions.

Emission of Radio Frequency Energyt Te514D/D0O160D, Section
21.0). The equipment shall be subjected to the test conditions as
specified in EUROCAE/RTCA Document4EDQO 160D, Section
21.0, and the requirements specified therein shall be met.

Powered by EASA eRules

Page287of 521 Nov 201¢


http://easa.europa.eu/

BAEASA

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
Orders (C&ETSO) (Amendment 3) ETSAC117:

(19) Lightning Induced Transient Suscepitipil(ED14D/D0G160D, Section

22.0). The equipment shall be subjected to the test conditions as
specified in EUROCAE/RTCA Document4EDO 160D, Section
22.0, and the requirements specified therein shall be met:

Additionally, all system controls, dispiyinputs, and outputs shall
perform their intended functions.

e. Equipment Test Procedures.

1)

Definitions of Terms and conditions of Tests. The following definitions
of terms and conditions of tests are applicable to the equipment tests
specified herein

0] Power Input Voltage. Unless otherwise specified, all tests shall
be conducted with the power input voltage adjusted to design
voltage £2 percent. The input voltage shall be measured at the
input terminals of the equipment under test.

(i)  Power InputFrequency.

(@) Inthe case of equipment designed for operation from an
AC power source of essentially constant frequency (e.g.,
400 Hz), the input frequency shall be adjusted to design
frequency +2 percent.

(b) Inthe case of equipment designed for opecatfrom an
AC power source of variable frequency (e.g., 300 to 1000
Hz), unless otherwise specified, test shall be conducted
with the input frequency adjusted to within 5 percent of
a selected frequency and within the range for which the
equipment is degined.

(i)  Windfield Models. Unless otherwise specified, the windfield
models used for tests shall be those specifiedppendix lof
this ETSO.

(iv)  Adjustment of Equipment. The circuits of the equipment under
test shall be aligned and adjusted in accordance with the
YI ydzF I O dzNB NR a NBEO2YYSYyRSR LINJ:
application of the specified tests.
(v) Test Instrument Precautions. Due precautions shall be taken
during the conduct of the tests to prevent the intluction of
errors resulting from the connection of voltmeters,

oscilloscopes, and other test instruments across the input and
output impedances of the equipment under test.

(vi)  Ambient Conditions. Unless otherwise specified, all tests shall
be conductedunder conditions of ambient room temperature,
pressure, and humidity. However, the room temperature shall
be not lower than 10° C.

(vii)  Warmup Period. Unless otherwise specified, all tests shall be
O2yRdzOUGSR F FUSNI GKS Yiuppdidd: O dzNBS N
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)

(viii) Connected Loads. Unless otherwise specified, all tests shall be
performed with the equipment connected to loads which have
the impedance values for which it is designed.

Test Procedures. The equipment shall be tested in all modes of
operation that allow different combinations of sensor inputs to show
that it meets both functional and accuracy criteria.

Dynamic testing provides quantitative data regarding windshear
warning and escape guidance equipment performance using a
simplified simulatn of flight conditions. This testing, when properly
performed and documented, may serve to minimize the flight test
requirements.

It shall be the responsibility of the equipment manufacturer to
determine that the sensor inputs, when presented to the wimeksr
warning and escape guidance equipment, will produce performance
commensurate with the requirements of this standard. Additional
sensor inputs may be optionally provided to enhance equipment
capability and/or performance.

The equipment required to pesfm these tests shall be defined by the
equipment manufacturer as a function of the specific sensor
configuration of his equipment. Since these tests may be
accomplished more that one way, alternative test equipment setups
may be used where equivalent tefstnction can be accomplished.
Combinations of tests may be used wherever appropriate.

The test equipment signal sources shall provide the appropriate signal
format for input to the specific system under test without contributing
to the error values beingneasured. Tests need only be done once
unless otherwise indicated.

The scenarios established for testing windshear warning and escape
guidance systems represent realistic operating environments to
properly evaluate such systems. The windfield models coathin
appendix lof this ETSO should be used to evaluate the performance
of the windshear warning and escape guidance system. The
manufacturer may propose different windfield models provided it is
shown that they epresent conditions at least as severe as those
contained in this ETSO.

(3) Test Setup. Simulator tests shall be used to demonstrate the
performance capability of the windshear warning and escape
guidance equipment. A suitable equipment interface shall be
provided for recording relevant parameters necessary to
evaluate the particular system under test. The aircraft simulator
shall be capable of appropriate dynamic modeling of a
representative aircraft and of the windfield and turbulence
conditions containedn appendices 1 and 2 of this ETSO or
other windfield/turbulence models found acceptable by the
Administrator.

(4) Functional Performance (paragraphs (c)(1) through (c)(6)). Each
of the functional capabilities identified in paragraphs (c)(1)
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(5)

(6)

(7)

through (c)(§ shall be demonstrated with the windshear
warning and escape guidance equipment powered. These
capabilities shall be evaluated either by inspection or in
conjunction with the tests described in paragraphs (e)(5)
through (e)(11).

Mode Annunciation (pagraph (c)(1)). With the equipment
operating, verify the windshear escape guidance display mode
of operation is annunciated to the pilot upon escape guidance
activation and upon reversion to a different flight guidance
mode.

Malfunction/Failure Indicabns (paragraph (c)(2)). Configure
the equipment for simulation tests as defined in paragraph

©)@A).

(i)  With the system active (within the operating altitude
range) and inactive (outside the operating altitude
range), remove one at a time each requireléatrical
power input to the equipment. There shall be a failure
indication by the equipment of each simulated failure
condition.

(i)  With the system active (within the operating altitude
range) and inactive (outside the operating altitude
range), cause &h sensor or other signal input to
become inadequate or invalid. There shall be a failure
indication by the equipment of each simulated failure
condition.

Windshear Caution Alert (paragraph (c)(3)). For equipment
incorporating a windshear caution atefunction, accomplish
the following tests:

()  Configure the equipment for simulation test as defined in
paragraph (e)(3). Subject the equipment to acceleration
waveform values meeting the following conditions
(reference figure 2). The system shall generan
appropriate caution alert (or no alert) within the time
intervals specified when subjected to the following
average shear intensity,(f) values:

Time of Exposure () (sed____Result |

0.02 20 no alert

0.04 20 no alert
0.105 10 alert within10 sec
1.049/t t alertwithintsec (2)

0.21 5 alert within 5 sec
=0.270 5 alert within 5 sec

Notes: (1) The average shear intensity which must result in a
caution alert after a time tx or less meets the definition Qf;f

in figure 1. The maximumstantaneous shear intensity of the
test waveform is restricted to 0.075 or 100 percentfébove
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(@)

the average shear valug,f, whichever is less. The minimum
instantaneous shear intensity of the test waveformis zero. Test
waveform rise and fall rateshall be limited to a maximum of
0.1 per second. The shear intensity before time O is zero for a
sufficiently long time to allow the system to settle to stable
conditions.

(2 t=6,7,8,9

The test conditions specified above shall be repeated 5 tides.
different waveform for fav,x will be utilized for each of the 5
runs. An appropriate alert (or no alert) must be generated for
each test condition.

Verify the system displays or provides an appropriate output for
display of an amber caution annunciatidedicated for this
purpose. Verify the visual caution display (or output) remains at
least until the threshold windshear condition no longer exists
or a minimum of 3 seconds (whichever is greater), or until a
windshear warning occurs.

(i)  Subject the equment to windspeeds defined by the
Dryden turbulence model contained in appendix 2. The
system shall be exposed to these conditions for a
minimum of 50 hours (or 600 flight cycles) at each
altitude specified in appendix 2 for a minimum total test
duration of 250 hours (or 3,000 flight cycles based on 1
hour/flight cycle). No more than one nuisance caution
shall be generated during this test.

(iii)  Subject the equipment to windspeeds defined by the
discrete gust rejection model contained in appendix 2.
No akrt shall be generated as a result of this test.

Windshear Warning Alert (paragraph (c)(4)).

()  Configure the equipment for simulation tests as defined
in paragraph (e)(3). Subject the equipment to
acceleration waveform values meeting the following
conditions (reference figure 2). The system shall
generate an appropriate warning alert (or no alert)
within the time intervals specified when subjected to the
following average shear intensity(§) values:

Time of Exposure () (sed____Result |

0.02 20 no alert

0.04 20 no alert
0.105 10 alert within 10 sec
1.049/t t alertwithintsec (2)

0.21 5 alert within 5 sec
=0.270 5 alert within 5 sec

Notes: (1) The average shear intensity which must result in a
warning alert after a time tx or less misgthe definition of § «
in figure 1. The maximum instantaneous shear intensity of the
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FIGURE WINDSHEAR ALERT TEST

test waveform is restricted to 0.075 or 100 percentpfébove
the average shear value

fave Whichever is less. The minimum instantaneous shear
intensity of the st waveform is zero. Test waveform rise and
fall rates shall be limited to a maximum of 0.1 per second. The
shear intensity before time 0 is zero for a sufficiently long time
to allow the system to settle to stable conditions.

(2 t=6,7,89

The testconditions specified above shall be repeated 5 times. A
different waveform for §, xwill be utilized for each of the 5 runs.
An appropriate alert (or no alert) must be generated for each
test condition.

Verify the system displays or provides an apprograutput for
RAALX & 2F | NER 4 NYyAy3 I yydzC
dedicated for this purpose. Verify the visual warning display (or

output) remains until the threshold windshear condition no

Ionger exists or a minimum of 3 seconds, yvhichever is greate o
+tSNATe |y [|daNFtf SN Aa LINRBYJARS
for three aural cycles.

(i)  Subject the equipment to windspeeds defined by the
Dryden turbulence model contained in appendix 2. The
system shall be exposed to these conditions for a
minimum of 50 hours (or 600 flight cycles) at each
altitude specified in appendix 2 for a minimum total test
duration of 250 hours (or 3,000 flight cycles based on 1
hour/flight cycle). No more than one nuisance warning
shall be generated during this test
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Shear
Intensity

f(t)

j\
0.30_}
1 -« alert line

0.05]

10 sec testpoint
0 5 10 15
Time (t) (sec)

Sample waveforms for 10 sec test point

T Tt respraarzessen---- maximum instantaneous allowed intensity
A N
// \ ) .
” — 0.105f shear intensity
, /\_ av,x
—_— _/_f waveform 1 A
zZero
————— - The average of all waveforms
lt:'if‘:grg L—-waveform 2 from 0 to 10 sec is 0.105.

(iii)  Subject the equipment to windspeeds defined by the
discrete gust rejection model contained in appendix 2.
No alert shall be generated as a result of this test.

(9) Operating Altitude Range (paragraph (c)(5)). Configure the
equipment for simulation tests as defined in paragraph (e)(3).
Simulate a takeoff to an altitude of at least 1500 feet AGL. Verify
the windshear warning and escape guidance system is
operational from at least 50 feet AGL to at least 1000 feet AGL.
Simulate an approach to landing from 1500 feet AGL to
touchdown. Verify the windshear warning and escape guidance
system is operational from at least 1000 feet AGL to at least 50
feet AGL.
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(10) Windshear Escape Guidance (paragraph (c)(6)). Configure the
equipmentfor simulation tests as defined in paragraph (e)(3).
Subject the equipment to each of the windfield conditions
contained in appendix 1 for each operating mode (takeoff,
approach, landing, etc.) available. Each test condition shall be
repeated 5 times. Reeery actions for the fixed pitch method
comparison shall be initiated immediately upon entering the
shear condition.

()  Verify the flight path guidance commands manage the
available energy of the aircraft to achieve the desired
trajectory through the shelaencounter. These tests shall
be performed with vertical only, horizontal only, and
combination vertical and horizontal shear conditions.

(a)For the takeoff case, verify the flight guidance commands
produce a trajectory that provides a resultant flightp
at least as good (when considered over the entire
spectrum of test cases) as that obtained by establishing a
15° pitch attitude (at an approximate rate of 1.5° per
second) until onset of stall warning and then reducing
pitch attitude to remain at the nset of stall warning until
exiting the shear condition. Evidence of a significant
decrement (considered over the entire spectrum of test
cases) below the flight path provided by the fixed pitch
method that results from use of the guidance commands
provided by the system must be adequately
substantiated.

(b) For the approach/landing case, verify the flight guidance
commands produce a trajectory that provides a resultant
flight path at least as good (when considered over the
entire spectrum of test cases) abat obtained by
establishing maximum available thrust and a 15° pitch
attitude (at an approximate rate of 1.5° per second) until
onset of stall warning and then reducing pitch attitude to
remain at the onset of stall warning until exiting the shear
condtion. Evidence of a significant decrement
(considered over the entire spectrum of test cases) below
the flight path provided by the fixed pitch method that
results from use of the guidance commands provided by
the system must be adequately substantiated.

(c)For shear conditions exceeding the available
performance capability of the aircraft, verify the flight
guidance commands result in ground impact in the
absence of ability to produce additional lift, absence of
excessive kinetic energy, and without pagithe aircratft
into a stalled condition.

(i)  Verify the flight guidance command outputs are capable
of display on associated flight displays. Interface
specifications shall be verified and determined to be
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appropriate for the systems identified in the @gment
installation instructions.

(iii)  Verify that pitch attitude commands do not result in an
angleof-attack exceeding the onset of stall warning or a
maximum pitch command of 27°, whichever is less.

(iv) For systems incorporating manual activationetovery
flight guidance commands, verify the system is activated
only by the TOGA switches (or equivalent means). For
systems providing automatic activation of recovery
guidance, verify the system is activated concurrent with
the windshear warning alert.

(v)  Verify that windshear recovery guidance commands and
any automatic recovery mode can be deselected by a
means other than the TOGA switches.

(vi) For systems incorporating automatic reversion of flight
guidance commands from windshear escape guidance to
another flight guidance mode, verify that the transition
between flight guidance modes provides smooth
guidance information.

(vii) Verify flight guidance commands are not removed from
the flight guidance display until either manually
deselected or until he aircraft, following exit of the
warning conditions, has maintained a positive rate of
climb and speed above 1.3Yor at least 30 seconds.

3.1.2 Environmental Standard
See CETSGubpart Aparagraph 2.1
3.13 Computer Software

See CETSOSubpart Aparagraph 2.2. In addition, the software for windshear
warning and escape guidance functions must be verified and validated to at least
Level C. An installation safetyalysis for a particular aircraft installation should be
accomplished to determine if software must be verified and validated to the more
stringent Level B requirements.

4 Marking
4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See C&ETSGBubpart Aparagraph 3.
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APPENDIX. TOETSGC11A

ED Decision 2003/010/RM

This appendix contains data thaefthes the windfield models to be used in conducting the tests
specified in paragraph (e)(10) of this TSO. This material was developed by the National Aeronautics
And Space Administration (NASA), reference NASA Technical Memorandum 100632.

The downburst mdel parameters below provide the variables to be used to obtain the representative
test conditions: (1)(2)

Radius of Downdraft (ft] Maximum Outflow (ft/s) Algﬂgleo v(\)/f (I;tll)ax Dlstagccz)(lenlt:r(gT(f?)tartm

20000(-9000)
1180 47.6 98 15000(-14000)
2070 58.4 131 25000(-4000)
4430 68.9 164 30000(1000)
9010 72.2 262 30000(1000)
3450 88.2 197 25000(-4000)
3180 53.1 262 30000(1000)
1640 46 164 25000(-4000)
5250 81.3 197 30000(1000)
1250 67.6 100 25000(-4000)

(1)  Fram analytic microburst model documented in NASA-TO8632. These parameters are based
2y RIFUOF FNRBY tNROuU2NRa ¢!'{{ Y2RSt o

(2) For the takeoff case, the downburst center is positioned at the point the aircraft lifts off the
runway for all test cases.

(3) Forthe approach/landing case, the downburst center is positioned as stated. The test is begun
with the aircraft at an initial altitude of 1500 feet on a 3° glideslope (touchdown point
approximately 29000 feet away). Distance from starting point indicates einer center of the
downburst shaft is located relative to the starting point. The number in parenthesis next to it
indicates the relative distance of the microburst center from the touchdown point (not the end
of the runway). A negative number indicatdsat the microburst center is located before the
touchdown point, positive indicates it is past the touchdown point.

SUMMARY

A simple downburst model has been developed for use in batch andinealpiloted simulation
studies of guidance strategies forteinal area transport aircraft operations in wind shear conditions.
The model represents an axisymmetric stagnation point flow, based on velocity profiles from the
Terminal Area Simulation System (TASS) model developed by Proctor [ref. 3,4] and degisfiass
continuity equation in cylindrical coordinates. Altitude dependence, including boundary layer effects
near the ground, closely matches rembrld measurements, as do the increase, peak, and decay of
outflow and downflow with increasing distance fforthe downburst center. Equations for horizontal
and vertical winds were derived, and found to be infinitely differentiable, with no singular points
existent in the flow field. In addition, a simple relationship exists among the ratio of maximum
horizontalto vertical velocities, the down draft radius, depth of outflow, and altitude of maximum
outflow. In use, a microburst can be modeled by specifying four characteristic parameters. Velocity
components in the x, y, and z directions, and the corresponding jpartial derivatives are obtained
easily from the velocity equations.
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INTRODUCTION

Terminal area operation of transport aircraft in a windshear environment has been recognized as a
serious problem. Studies of aircraft trajectories through downbursts stimat specific guidance
strategies are needed for aircraft to survive inadvertent downburst encounters. In order for guidance
strategies to perform in simulations as in actual encounters, a realistic set of conditions must be
present during development dhe strategies. Thus, aeroplane and wind models that closely simulate
realworld conditions are essential in obtaining useful information from the studies.

Wind models for use on personal computers, or for simulators with limited memory space availability,
have been difficult to obtain because variability of downburst characteristics makes analytical models
unrealistic, and large memory requirements make use of numerical models impossible on any except
very large capacity computers.

Bray [ref. 1] developed method for analytic modeling of windshear conditions in flight simulators,
and applied his method in modeling a multiple downburst scenario from Joint Airport Weather Studies
(JAWS) data. However, the altitude dependence of his model is not consistiénbhserved data,

and, although flexibility in sizing the downbursts is built into the model, it does not maintain the
physical relationships which are seen in re@kld data among the sizing parameters. In particular,
boundary layer effects should caussdial velocity to decay vertically to zero at the ground, as does
the vertical velocity.

In a study conducted at NASA Langley Research Center, three different guidance strategies for a
Boeing 737100 aeroplane encountering a microburst on takeoff wereedeped [ref. 2]. These
strategies were first developed using a personal computer, and then implemented in @ngithet-

loop simulation using a very simple wind model in both efforts [fig. 1]. This model consisted of a
constant outflow outside of the dowburst radius and a constant slope headwind to tailwind shear
across the diameter of the downburst. It was recognized that a more realistic wind model could
significantly alter the outcome of the trajectory. For the subsequent part of this study, whickesvo
altering the aeroplane model to simulate approach to landing and escape maneuvers and additional
takeoff cases, a more realistic wind model was preferred. The simple analytical model outlined in this
report was developed for this purpose.

SYMBOLS
JAWS Joint Airport Weather Studies
NIMROD Northern Illinois Meteoological Research on Downbursts

R radius of downburst shaft (ft)

r radial coordinate (distance from downburst center) (ft)
TASS Terminal Area Simulation System

u velocity in rdirection (orx-direction) (kts)

% velocity in ydirection (kts)

w velocity in zdirection (kts)

Winax magnitude of maximum vertical velocity (kts)

Umax magnitude of maximum horizontal velocity (kts)

X horizontal (runway) distance, aeroplane to downburst center (ft
y horizontal (side) distance, aeroplane to downburst center (ft)
z aeroplane altitude above ground level (ft)
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z, depth of outflow (ft)

y height of maximum kyelocity (ft)

Zm2 height of half maximum Welocity (ft)

z* characteristic height, out dioundary layer (ft)
e characteristic height, in boundary layer (ft)

< scaling factor (4)

DEVELOPMENT OF VELOCITY EQUATIONS

Beginning with the full set of Euler and mass continuity equations, some simplifying assumptions
about the down burst flow catitions were made. Effects of viscosity were parameterized explicitly,
and the flow was assumed to be invariant with time. The downburst is axisymmetric in cylindrical
coordinates, and characterized by a stagnation point at the ground along the axis ddwmélow
column. The flow is incompressible, with no external forces or moments acting on it.

The resulting mass conservation equation is
ny 18 1)
Written out in full, equation 2 is

- — - m @

This equation is satisfied by solutions of the form

0 Qi fa (3a)
6 —na (3b)
provided that
Qi -"Qi (4a)
na _nas (4b)
Note that "Q i ——. To solve this system of equations, solutions were assumed for two of the

functions and the other two were obtained from equations 4a and 4b.

It was desired that the \ecity profiles of this analytic model exhibit the altitude and radial
dependence shown in the laregeale numerical weather model TASS (Terminal Area Simulation
System) [ref. 3,4]. The TASS model is based on data from the Joint Airport Weather Stidigs (JA
[ref. 5], and provides a threadimensional velocity field, frozen in time, for given locations of an
aeroplane within the shear [ref. 6]. Figure 2 shows dimensionless vertical profiles of horizontal
velocity, u, for TASS data, laboratory data obtaibgdmpingement of a jet on a flat plate, and data
from NIMROD (Northern lllinois Meteorological Research on Downbursts) [ref. 7]. Specific points of
interest are the maximum horizontal velocity (located 20200 meters above the ground), below
which is adecay region due to boundary layer effects, zero velocity at the stagnation point on the
ground, and an exponential decay with altitude above the maximum velocity altitude. Vertical velocity
profiles from TASS data are shown in figure 3, also exhibitilegay to zero at the stagnation point.
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The radially varying characteristics desired for the horizontal wind were two peaks of equal magnitude
and opposite direction located at a given radius, with a smooth, nearly linear transition between the
two. Beyondthe peaks, the velocity should show an exponential decay to zero. The vertical velocity
was required to have a peak along the axis of symmetry (r = 0), and decay exponentially at increasing
radius.

A pair of shaping functions that gave velocity profilestoching TASS data as required are ghelow.
Qi Q7

na Q T M
The remaining solutions were found by integrating equations 4a and 4b, yielding:
Y

"Q l =
G

nae  _3Q® p a2’ p
Figures 4 and 5 show plots of these shaping functions.

Combining the functions as in equation 3, the horizontal and vertical velocities are expressed as

6 —p QT Q7* QM (5)
0 _Q7 -9® p azQ7" p (6)

By taking derivatives of equations 5 and 6 with respect to r and z, respectively, and substituting in
eqguation 2, it can be shown that the velocity distributions satisfy continuity.

The parametersz*andg SNBE RSTFAYSR a4 OKFNIOGSNRAAGAO aol S f
fFre8SN FyR aAy o02dzyRINE I &8SNX 0SKF@A2NDy NBEaLISO
the altitude at which the magnitude of the horizontadlocity is half the maximum value.

It was also noted that the ratio

Q

az & G

To determine the location of the maximum horizontal velocity, the partial derivatives of u with respect
to r and z where set equal to zero. The resulting equationhfen- derivative is

i
¥ Q7 p
The resulting equation for the-@erivative is
o P .
g e ™ ¥

Recalling thatg/z* = 0.22, the values 1.1212 and 12.5 were obtained from iteration for the ratios riR
and z¥s, respectively.

Using these values, the maximum horizontal velocity can be expresseg,as 0.2357<R. The
maximum vertical wind is located at r = 0 and z,=by definition, and is given by
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WA _& Q T mocg

A ratio of maimum outflow and downflow velocities can be formed
0 & o UYX

0 az Q 7 mRogq

The Scaling factok, was determined by using either of equations 5 or 6 for horizontal or vertical
velocity, and setting it equal to the maxim velocity, dhaxOr Wmnax respectively. Solving fetresulting
in:
0 0
= 0z Q T m#¢g T O UYX

The velocity equations were easily converted to rectangular coordinates, as shown in the Appendix.
Partial derivatives withespect to x, y, and z were obtained by differentiating the velocity equations,
and are also listed in the Appendix.

DISCUSSION AND RESULTS

Vertical and horizontal velocity profiles for u and w are shown in figures 6 and 7. Four profiles are
shown for eacltomponent. The horizontal wind profiles in figure 6 were taken at the radios of peak
outflow (r = 1.1212 R) and at about ofaurth that radius (r = 0.3 R), where the maximum outflow is
approximately half the value at the peak outflow radius. The vertigadl profiles were taken at the
radius of peak downflow (r = 0) and atr = 0.3 R. Horizontal wind and vertical wind profiles in figure 7
were taken at altitudes of h 3, Zmaximum outflow), h = z* (hathaximum outflow), and h z,Zdepth

of outflow).

The analytical model is compared with TASS, laboratory, and NIMROD data in figure 8. The figure
shows that, when nondimensionalized by the altitude of madfximum outflow (z*) and by the
maximum outflow (u = iy, the analytical model agrees closely wilietother data.

Different shears can be modeled by specifying four parameters, and the location of downburst center
relative to the aeroplane flying through it. The four parameters are: 1) a characteristic horizontal
dimension; 2) maximum wind velocity; &itude of maximum outflow; and 4) depth of outflow. The
characteristic horizontal dimension specified is the radius of the downdraft column, noting that this is
about 89 percent of the radius of peak outflow. The maximum wind velocity can be eitheotitaiiz

or vertical.

CONCLUDING REMARKS

The analytic micorburst model developed for use in4t@ak and batch simulation studies was shown

to agree well with reaWorld measurements for the cases studied. The functions chosen for the model
showed boundaryayer effects near the ground, as well as the peak and decay of outflow at increasing
altitudes, and increasing downflow with altitude. The exponential increase and decay of downflow
and outflow (in the radial direction) are also characterized by the mattplations for horizontal and
vertical winds are simple and continuously differentiable, and partial derivatives in rectangular or
cylindrical coordinates can be easily obtained by direct differentiation of the velocity equations. The
governing equation fothis system is the mass conservation law, and the analytic velocity functions
developed here satisfied this condition. The model is sustained by a strong physical basis and yields
high fidelity results, within the limitations of maintaining simplicityhie model, and variability of the
microburst phenomenon. Parameterization of some of the characteristic dimensions allows flexibility
in selecting the size and intensity of the microburst.
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APPENDIX
Define internediate variables to simplify written equations:

Q Q7 Q Q Q
Q Qo 7 Q dp Q -p Q
Q Q 7°

Horizontal and Vertical Velocities

w Cl_ p Q Qw
w Cl_ p Q Qw
W _QQ
Partial Derivatives
TO _YQ qw Cw Cw
: - Q — - p — P
T 0w ¢l Y | |
T0 Yo © Q 9 p P p
T 0 i Y i |
To Y w Q Q Q
TQ Gl P -0
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w
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Variable List

z* = altitude where wis half the value of Wy (ft)

8 = characteristic hight of boundary layer effects (ft)

Z, = depth of outflow (ft)

Zn = altitude of maximum outflow (ft)

< = scaling parameter-{¥

r = radial distance from aeroplane to downburst (ft)

h = altitude of aeroplane (ft)

R = radius of downdratft (ft)

Xads Yad = X, Y coordinates, aeroplane to microburst (ft)

Wy max Wy maxe Wh maxMaximum winds, x, y, and h directions
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Figure 1 Wind Model Used In Guidance Studies
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Figure 2 Vertical Profile of Microburst Outflow (Nondimensional)
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VERTICAL PROFILES OFIEERVELOCITY FOR 30 JUN 82 CASE:
SENSITIVITY TO RADIUS OF PRECIPITATION SHAFT
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|
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Figure 3 Vertical Profile of Microburst Downflow
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Figure 4 Characteristic Variation of Horizontal Shaping Functions
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Figure 7 Radial Velocity Profiles For Analytical Model
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Figure 8 Comparison of Wind Model Vertical Profiles
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APPENDI2 TOETSGC11A

ED Decision 2003/10/RM

This appendix contains datiat defines the Dryden turbulence model and discrete gust model to be
used in conduction the tests specified in paragraphs (e)(7)(ii), (e)(7)(iii), (e)(8)(ii), and (e)(8)(iii) of this
TSO.

Dryden Turbulence Model
"06Y  "Y'O'00 & Y0 YYD MO Cr pT p YD TYSY
p YO "BHYH "eUY
YO YUYz p YO "eUY
p YOBZYD Y'Y
p YOYOYZ p YO YOY

"OUY  YO'0OD 6 WO Y Y6 VO © 2

"O0Y Y000 & OYO Y Y6 Vb © z

where:

SIGMAu, SIGMAv, SIGMAw are the RMS intensities;

TAUuU = Lu/VA;

TAUv = LV/IVA;

TAUw = Lw/VA;

[dZ [ @S [ 6 FINB (GKS (GdNbdAZ Syo0S aortS fSy3adKarT
Pl = 3.141592%35;

P12 = 6.2831853070 (2 times PI);

SQRT3 = 1.732050808 (square root of 3); and

S is the Laplace transform variable.

The following table lists SIGMAu, SIGMAv, SIGMAw, Lu, Lv, and Lw versus altitude. Extrapolation will
not be used, and simulator altitudeoutside the bounds of the turbulence list will use the data at the
boundary.

Altitude RMS Intensities (ft/sec Scale Lengths (feet
(feet)

100 5.6 5.6 3.5 260 260 100
300 5.15 5.15 3.85 540 540 300
700 5.0 5.0 4.3 950 950 700
900 5.0 5.0 4.45 1123 1123 900
1500 4.85 4.85 4.7 1579 1579 1500

The applicant must demonstrate that the variance of their turbulence implementation is adequate.
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Discrete Gust Rejection

Discrete gusts (in the horizontal axis) with ranges of @og# and frequency (A and OMEGA) of the
form [A(1b cos OMEGAL)] shall be used. The following table lists the values of A and OMEGA to be
used (simulates an approximate 15 knot gust condition):

75 2.10 3
75 1.26 5
75 0.78 8
75 0.63 10
75 0.52 12
75 0.42 15
75 0.31 20
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APPENDIB TOETSGBC11 A SHEARNTENSITY

ED Decision 2003/10/RM

oy O ©
(0] -— -
Q
where

wy, = Horizontal component of the wind rate of change expressed in g units (1.91 kts/sec = 0.1 g)
(positive for increasingdadwind).

W, = Vertical component of the wind vector w (ft/sec) (positive for downdraft).
V =True airspeed (ft/sec).

G =Gravitational acceleration (ft/sec?2).
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APPENDIM TOETSGC11A

ED Decision 2003/10/RM

The following computer listing (viten in QuickBasic) provides a simplified aircraft simulation model

for evaluating the effectiveness of various guidance schemes. This simulation runs on a personal
computer, and the results obtained using it have been found to be comparable to thoseethtan

a full six degree of freedom simulator. This model was developed by J. Rene Barrios of the Honeywell
Company.

The Wind Shear Simulation Model (WSSM) is a point mass-tlegree of freedom mathematical
model which simulates the motion of an aircrafta vertical plane. The equations of motion, which

are described in the wind axes, include the wind components of velocity and acceleration so that the
aircraft dynamics during a windshear encounter are accurately modeled. This model has been used by
se\eral investigators to study the behavior of an aircraft during windshear encounters.

(Copies of that listing may be may be purchased from the Superintendent of Documents, Government
Printing Office, Washington, DC 2048225, USA.)
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ETSAC118

ED Decision D3/10/RM (applicable from 24.10.2003)
Traffic Alert and Collision Avoidance System (TCAS) Airborne Equipment, TCAS |
1 Applicability

This ETSO gives the requirements which new models of active traffic alert and collision

avoidance system airborne equipmemiust meet in order to be identified with the applicable
ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in Radio Technical Commission for Aeronautics (RTCA)
Document D@97 Section 2, dated March 20, 1987, as amended and
supplemented by this ETSO.

3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1
3.1.3 Computer Software

See C&ETSCubpart Aparagraph 2.2

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETS@C119b

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Traffic Alert and Collion Avoidance System (TCAS) Airborne Equipment, TCAS I
1 Applicability

This ETSO gives the requirements that new models of traffic alert and collision avoidance system
airborne equipment must meet in order to be identified with the applicable ETSO rgarkin

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in Radio Techni&mmission for Aeronautics (RTCA)
Document DEL85A dated 16 December 1997.

3.1.2 Environmental Standard

See GETSCBubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGsubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSAC121a

ED Decision 2008/012/R (applicable from 18.11.2008
Underwater Locating Devices (Acoustic) (Sptwered)
1 Applicability

This ETSO gives the requirements that new models of underwateiirigadegvices (acoustic)

(selfpowered) that are manufactured on or after the date of this ETSO must meet in order to
be identified with applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the SAE Aerospace Standard (AS) document: AS8045
GaAyAYdzy t SNF2NXYIFYyOS {dFyRINR TFsHcNJ ! YRS
(Selt 26 SNSR0UEX RIFIGSR alé& wmcX mopyyz FyR 7T
Materials (ASTM) document D.1+dy & { G y R 2
§ Xz S

i} NR t Ny OGA0OS ¥
g SN R S S

(0p))
Py
~—
0p)

-

[

(b
0p)

-<

(@]

{doaGAGdziS hOSIy 2 I d

3.1.2 Environmental Standards
The equipment must @& tested according to EUROCAEIEE (RTCA DIBOE)

GOYDBANRYYSYUl f /| 2y RAGAZ2Ya YR ¢Said tNRO
March 2005.

3.1.3 Computer Software

If the article includes a digital computer, the software must be developed
according to EUR®@E EBEL2B (RTCA DI¥8B), Software Considerations in
Airborne Systems and Equipment Certification, dated December 1, 1992.

3.1.4 Electronic Hardware Qualification

If the article includes a complex custom micmded component, the component
must be developd according to EUROCAEEIXRTCA DZb4), Design Assurance
Guidance for Airborne Electronic Hardware, from April 2000.

3.2 Specific

The battery used in the underwater locating device authorized under this ETSO must be

appropriate for the intended oper&inal environment, not pose a hazard to the aircratt

and meet the requirements of acceptable battery standards. If non rechargeable lithium

batteries are used to power the underwater locating devieg,SEC142ad [hiim
FGOGSNARSae LINPOARSA at{ F2NJ adzOK fAGKAdzY 0

4 Marking

4.1 General

Powered by EASA eRules Page317of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPART BLIST OF ET<
x E ASA Orders (C&ETSO) (Amendment 3) ETSAC121¢

Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
[Amdt ETSO/3]
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ETSAC123a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Cockpit Voice Recorder Systems
1 Applicability

This ETSO gives the requirements that new models of cockpit voice resgstiems that are
manufactured on or after the date of this ETSO must meet in order to be identified with
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in EUROCAE documerb&®chapter 2, 3, 4, 5, and 6, dated
October 1993, with amendment 1 dated 25 November 1997, as amended and
supplemented by tis ETSO.

3.1.2 Environmental Standard

See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC124a

EDDecision 2003/10/RMapplicable from 24.10.2003)
Flight Data Recorder Systems
1 Applicability

This ETSO gives the requirements that new models of flight data recorder systems that are
manufactured on or after the date of this ETSO must meet in order tadéetified with
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Sandards set forth in EUROCAE document-56Ddated May 1990 with
amendment 1 dated 23 September 1998, as amended and supplemented by this
ETSO.

3.1.2 Environmental Standard
See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSGubpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Avalilability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC127a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Rotorcraft, Transport Aeroplane, and Normal and Utility Aeroplane SegtSystems
1 Applicability

This ETSO prescribes the minimum performance standards (MPS) that rotorcraft, transport
aeroplane, and normal and utility aeroplane seating systems of the following designated types
that are manufactured on or after the date tifis ETSO, must meet in order to be identified
with the applicable ETSO marking.

Type Ac Transport Aeroplane
Type B; Rotorcraft
Type CX Normal & Utility AeroplaneCrew Seats
Type CZ; Normal & Utility Aeroplane Passenger Seats
2 Procedures
2.1 Geeral
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in Society of Automotive Engineers, (B8E), Aerospace
{GFYRIFENR 6! {02 520dz¥Syid b2e ' { ynnd! I at
w20i2NONF FéG FYR ¢NFYALRNI ! ANLX FySaasx RE
Appendix lof this ETSO.

Additions:

Additional information on the dynamic testing of seating systems is contained in
Advisory Circular (AC) 00T X2 a5ey Il YAO 9@l fda uAzy 2¥F ({
hOOdzZLJ yi wSAUGNIAYyG FT2N w2i2N0ORNI Foaegb¥ANY
Testing of Part 23 Aifply S wSadG NI Ayidk{&adSvya IyR hOOd
25562m! T a58YylFYAO 9@l fdzZ A2y 2F {SI0 wSadl
2y ¢NI YALRNIL ! ANLX FySaad /2YLX Al yOS gAdll
ETSO authorization under this ETSO. Hewehe applicant for a seat installation
approval should be aware that any seating system may be required to meet the
ONRGSNRI O2yildlFAYSR Ay (GKS&aS !/ Qa Ay 2NRE
3.1.2 Environmental Standard
None.
3.1.3 ComputerSoftware
None

3.2 Specific
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None
4 Marking

4.1 General

Marking is detailed in GSTSCbubpart Aparagraph 1.2. In addition, each seating system

shall be legibly and permanently marked with the following:

() theaLX AOF 0fS aStd dB&BIVNVCREISE Wiwa +t 255t 2 @SR
08 0GKS FLILINBLINRFGS aSt i -FTRINGA yNIRaFRAcNIBOH( A 2 Y
2 NJ sidewaid,

(i) for Type A passenger seating systems, the approved seat pitch necdssar
maintain clearance to assure an effective emergency evacuation, as defined in AC
25.5621A,Appendix & | aS | LIWINBLINRAI 0SS adl aSYSyud I &
limitations in component maintenance manual (CMd)drawing number (insert
YdzZYoSNDO & 2NJ aaAyAYdzy 2NJ !'ff2¢6l06fS NI y3
ydzYo SNk NI yaSodax

(i) each separate component that is easily removable (without hand tools, except
those components that are ETSO articles), each intexgéable element, and each
separate sukassembly of the article that the manufacturer determines may be
interchangeable with other seating systems must be permanently and legibly
YFEN] SR 6AGK G fSFadg GKS yI YS-assdnbly KS Yl vy
part number, and the ETSO number,

(iv) for Type A and Type B transport passenger, flight attendant, and observer seating
systems, each seat cushion required for qualification of the seating system must
0S YINJSR 6AGK a/ 2YLX AGROGAGEK F & Hplddy pOLK
tested in accordance with the requirements of Section 3.4.2 of SAE AS 8049A, as
revised by subparagraph 2.2.3Aybpendix lof this ETSO.

4.2 Specific
None.
5 Avalilability of Referenced Bcument

See CETSGsubpart Aparagraph 3.
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APPENDIA TOETSEC12 A ¢ TRANSPORAEROPLANANDNORMAL AND

UTILITYAEROPLANSEATINGSYSTEMS

ED Decision 2003/10/RM

1. Purpose. This appendix prescribes the MRSséating systems, as modified by the FAA for
reference in this TSO.

2.  Requirements. The standards applicable to this TSO are set forth in the industry standard

ALISOAFTASR AY LI NIYINILK o 2F (KA

¢{ho {19 !

a
w202NONI Fd yR ¢NI YALRNI ! ANLX FySaza RIFGSR
modified as follows:

2.1

2.2

Exceptions.

{
(s

2.1.1 The information contained in Section 1. SCOPE: and Section 2. REFERENCES: of SAE

AS 8049A is duplicative and shalldieegarded.

2.1.2 Compliance with Section 3.1 Guidance: of SAE AS 8049A is not required, except for
Subsections 3.1.4, 3.1.8, 3.1.11, 3.1.14 (passenger seats only), 3.1.15 and 3.1.17
through 3.1.20.

2.1.3 Compliance with the dynamic test procedures andwoentation of Subsection
5.3.1 Dynamic Impact Test Parameters: through Subsection 5.3.9.2 Impact Pulse
Shape: of SAE AS 8049A may be demonstrated by equivalent procedures such as
those described in either AC 23.562r 25.5621A. The simplified procedusefor
head injury criteria (HIC) outlined in policy letter T&®002 dated February 16,
1996 also may be used in lieu of the selection of test conditions described in
Subsection 5.3.6.2 of SAE AS 8049A. The use of any equivalent procedures must be
establshed by the applicant and accepted in advance by the Manager, Aircraft
Certification Office (ACO), Federal Aviation Administration (FAA), having
3S23INI LIKAO LIWHNBASG 2F GKS | LILX AO0FydQa
Appendix).

2.1.4 Compliance witlthe dynamic impact test pass/fail criteria of Subsections 5.4.3,
5.4.4,and 5.4.9 of SAE AS 8049A for permanent deformation limits, HIC, and femur
loads, respectively, is not required. However, the data must be reported, as
required by subparagraph 5.a()L&f this TSO.

2.1.5 Disregard the marking requirements specified in Section 6. MARKINGS: of SAE AS
8049A. Marking of the article shall be in accordance with paragraph 4 of this TSO.

Additions.

2.2.1 As applicable, at least 30 days prior to conducamy required TSO testing and
prior to submitting an application for TSO authorization per 14 CFR 21.605(a), the
applicant shall submit, to the FAA ACO manager, a proposed plan for
demonstrating compliance with the requirements of this TSO for the follawing

2.2.1.1 Any procedures that the applicant has identified in consideration of the
design guidance in the SAE AS 8049A Subsections identified in subparagraph
2.1.2 of this Appendix; and

2.2.1.2 Those equivalent procedures the applicant has proposed totase
demonstrate compliance with dynamic test requirements of subparagraph
2.1.3 of this Appendix.
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2.2.2 Under Section 3.2 Requirements: of SAE AS 8049A, add a new Subsection 3.2.15to
read as follows: Except for rearward facing seats, the pelvic restsaitg shall
be designed such that the vertical angle subtended by the projection of the pelvic
restraint centerline and the seat reference point (SRP) water line shall not be
greater than 55 degrees. The SRP water line is a line/plane passing througtfthe S
parallel to the horizon. The pelvic restraint centerline is formed by a line from the
pelvic restraint anchorage to a point located 9.75 inches forward of the SRP and
7.00 inches above the SRP water line. In addition, the pelvic restraint anchorage
point(s) must be located no further than 2.0 inches forward of the SRP (ref Figure
1A of SAE AS 8049A).

2.2.3 Replace Subsection 3.4.2 of SAE AS 8049A with the following: Tlypasport
Airplane and Type Bransport Rotorcraft passenger, flight attendant,dan
observer seat cushion systems shall be tested and shall meet the fire protection
provisions of Appendix F, Part Il of 14 CFR Part 25, as required in 14 CFR 25.853(c)
effective February 2, 1995 and 14 CFR 29.853(b) effective October 26, 1984
respectively,or the equivalent shall be demonstrated by analysis (similarity) to
provide equivalent protection. Type-Blormal Rotorcraft upholstery shall be self
extinguishing when tested to meet the fire protection provisions of 14 CFR
27.853(b) effective February, 4980. Type Chand C2Normal & Utility Airplane
seat cushions shall be self extinguishing when tested to meet the fire protection
provisions of paragraph (c) of Appendix F of 14 CFR Part 23, as required in 14 CFR
23.853(d)(3)(ii) effective February 995.

2.2.4 The following two items shall be included in Subsection 5.3.10.3 Test Data: of SAE
AS 8049A: 0. Post test retrieval of life preserver; and p. Evaluation of seat egress
(See adjustable features in Subsection 3.2.6 and baggage stowed under seat in
Subsection 3.2.7 of SAE AS 8049A. These two items will be part of the data
submittal required by subparagraph 5.a(12)(iv) of this TSO.

2.2.5Under APPENDIX A PROCEDURES FOR EVALUATING PULSE SHAPES, revise
Subsection A.6 STEP 5 (REFERENCE FIGUREBAS &®BWA to read: Construct
a line parallel to the ideal (minimum regulatory requirement) pulse and offset by 2
g in magnitude less than the ideal during the time interval between T1 and T3.
Likewise construct a line parallel to the ideal pulse and ofise2 g in magnitude
less than the ideal (minimum regulatory requirement) pulse on the trailing side of
the pulse from:

Y O Y p®oY Y

If the magnitude of the acquired pulse is 2 g less than the ideal pulse shape at any
point along he acquired pulse shape during the period TL<t< T1+ 1.33(J,3
the pulse is unacceptable.
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APPENDI2 TOETSGEC12 A TEST CONDITIONS

ED Decision 2003/10/RM

SAE AS 8049A incorporates, as a reference, the following test standardkifbr avmore recent
version of these standards may be substituted, if approved by the FAA ACO manager having
3S23INI LKAOFE LMWNIBASG 20SNI GKS YI ydzZFlI O dz2NBENRa&a Fi

1. SAE J2%instrumentation for Impact Tests.
2.  Code of Federal Regulations, Title 4%tB&2, Anthropomorphic Test Dummies.
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ETSAC129a

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)
1 Applicability.

This ETSO gives the requirements that the subject avtigieh is manufactured on or after the
date of this ETSO must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Airborne supplemental area navigation equipment using GPS that are to be so
identified and that are manufactured on or after the date of this ETSO must meet
the minimum grformance standard of EUROCAE Document NGZD

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGubpart Aparagaph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document

See CETSGubpart Aparagraph 3.
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ETSGAC132

ED Decision 2008/012/R (applicable from 18.11.2008)

Geosynchronous Orbit Aeronautical Mobile Satellite Services Aircraft Earth Station
Equipment

1 Applicability

This ETSO gives the requirements which Geosynchroddois Aeronautical Mobile Satellite
Services (AMSS) aircraft earth station equipment that is manufactured on or after the date of
this ETSO, must meet in order to be identified with the applicable ETSO marking.

2 Procedures
2.1- General
Applicable procedwes are detailed in GSTSCsubpart A
2.2- Specific
None.
3 Technical Conditions

3.1 Basic

3.1.1 Minimum Performance Standard

Standards set forth in the Federal Aviation Administration standard

G DS 2aey 0K NRA¢grdrduaitical IMbldieA Satellite Services Aircraft Earth

{GFrdA2Y 9ljdALIYSY(é¢d

¢tKAa adlyRINR Aa olF&aSR 2y w¢/ ! R2 Odzy Sy
{

4

hNDAG ! SNRYF dziAOlIf az2o0AtS {GSttAGS
April 19, 2000 including Chge 1, datedecember 14, 2000, and change 2, dated
November 282001.

3.1.2 Environmental Standard

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CETSGwpart Aparagraph 2.2.

3.2 Specific
None.
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None.
5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
[Amdt ETSO/3]
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ETSAC135

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Transport Aeroplane Wheels and Wheel and Brake Assemblies
1 Applicability

This ETSO prescribes the minimum performance standard that transat@gory aeroplane
wheels, and wheel and brake assemblies must meet to be identified with the applicable ETSO
marking. Articles that are to be so identified on or after the date of this ETSO, must meet the
requirements of Appendix1 2F G KAa 9¢{h GAGESRT daaAyAYdzy t
CNI YALRNI ! SNRLIX FYyS 2KSSftax . NIXi1Sax yR 2KSSt
wheels are to be considered as an assembly for ETSO authorisation purposes.

2 Procedues
2.1 General

Applicable procedures are detailed inrEBSGubpart A
2.2 Specific
2.2.1 Data Requirements.

2.2.1.1 In addition to the data specified INEBSCsubgrt A the manufacturer
must furnish one copy each of the following to the Agency:

2.2.1.2 The applicable limitations pertaining to installation of wheels or wheel and
brake assemblies on aeroplane(s), including the data requirements of
paragraph 4.1 oAppendix lof this ETSO.

HPHDOM DO ¢KS YIydzZFlF OGdz2NBENR& 9¢{h |ljdza f AT/
2.2.2 Data to be Furnished with Manufactured Articles.

2.2.2.1 Prior to entry into service use, the manufacturer must make #&laiea
the Agency all applicable maintenance instructions and data necessary for
continued airworthiness.

2.2.2.2 The manufacturer must provide the applicable maintenance instructions
and data necessary for continued airworthiness to each organisation or
person receiving one or more articles manufactured under this ETSO. In
addition, a note with the following statement must be included:

G¢KS SEA&AGSYOS 2F 9¢{h I LIWNRJI ¢ 2F
marking does not automatically constitute the aotity to install and use

the article on an aeroplane. The conditions and tests required for ETSO
approval of this article are minimum performance standards. It is the
responsibility of those desiring to install this article either on or within a

specific ype or class of aeroplane to determine that the aeroplane operating
conditions are within the ETSO standards. The article may be installed only

if further evaluation by the user/installer documents an acceptable
installation and the installation is approgéy the Agency.

Additional requirements may be imposed based on aeroplane specifications,

wheel and brake design, and quality control specificationsselwice
maintenance, modifications, and use of replacement components must be

in compliance with the @rformance standards of this ETSO, as well as any
FRRAGAZ2YLFE ALISOATAO | SNRLX FYS NXBI dzA NB
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3 Technical Conditions
3.1 Basic

3.1.1 Minimum Performance Standard
Appendix 1to this ETSO.

3.1.2 Environmental Standd
None.

3.1.3 Computer Software

None
3.2 Specific
None
4 Marking

4.1 General

In addition to the marking specified in €3SCsubpart Aparagraph 1.2; the following
information shall be legibly and permanentlyanmked on the major equipment
components:

(i)  Size (this marking applies to wheels only).
(i)  Hydraulic fluid type (this marking applies to hydraulic brakes only).
(i)  Serial Number.
4.1.1 All stamped, etched, or embossed markings must be located ircribcal areas.
4.2 Specific
None.
5 Avalilability of Referenced Document

See CETSGubpart Aparagraph 3.
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APPENDIA TOETSEC135¢
MINIMUM PERFORMANCEPECIFICATION FORANSPORAEROPLANE
WHEELSBRAKESAND WHEEL ANIBRAKEASSEMBLIES

ED Decision 2003/10/RM

CHAPTER 1 INTRODUCTION.
1.1 PURPOSE AND SCOPE.

This Minimum Performance Specification defines the minimum performance standards for
wheels, brakes, and wheel and brake assemblies to be used on aersmartdicated under
CS25. Compliance with this specification is not considered approval for installation on any
transport aeroplane.

1.2 APPLICATION.

Compliance with this minimum specification by manufacturers, installers, and users is required
as a meas of assuring that the equipment will have the capability to satisfactorily perform its
intended function(s).

Note: Certain performance capabilities may be affected by aeroplane operational
characteristics and other external influences. Consequently, ipatied aeroplane braking
performance should be verified by aeroplane testing.

1.3 COMPOSITION OF EQUIPMENT.
¢CKS ¢g2NRa aSljdALIYSyide 2N aoNIX 1S |aaSvyofes
include all components that form part of the particular wni

For example, a wheel assembly typically includes a hub or hubs, bearings, flanges, drive bars,
heat shields, and fuse plugs. A brake assembly typically includes a backing plate, torque tube,
cylinder assemblies, pressure plate, heat sink, and tempeeagensor.

It should not be inferred from these examples that each wheel assembly and brake assembly
will necessarily include either all or any of the above example components; the actual assembly
will depend on the specific design chosen by the manufacture

1.4 DEFINITIONS AND ABBREVIATIONS.
1.4.1 Brake Lining.

Brake lining is individual blocks of wearable material, discs that have wearable material
integrally bonded to them, or discs in which the wearable material is an integral part of
the disc structure

1.4.2 BRORax- Brake Rated Maximum Operating Pressure.

BRORaxis the maximum design metered pressure that is available to the brake to meet
aeroplane stopping performance requirements.

1.4.3 BRRax- Brake Rated Maximum Pressure.

BRRaxis the maximunpressure to which the brake is designed to be subjected (typically
aeroplane nominal maximum system pressure).

1.4.4 BRRBer- Brake Rated Retraction Pressure.
BRRg1is the highest pressure at which full retraction of the piston(s) is assured.

1.4.5 BRPRax - Brake Rated Maximum Parking Pressure.
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BRPRaxis the maximum parking pressure available to the brake.
1.4.6 BRWI- Brake Rated Wear Limit.

BRW.L is the brake maximum wear limit to ensure compliance with paragraph 3.3.3, and,
if applicable, paragraph 3.8 of this ETSO.

1.4.7 D- Distance Averaged Deceleration.
D = ( (Initial brakeen speed®- (Final brake®n speed)/(2 (braked flywheel distance)).
D is the distance averaged deceleration to be used in all deceleration calculations.
1.4.8 Dp, - RatedDesign Landing Deceleration.

DpLis the minimum of the distance averaged decelerations demonstrated by the wheel,
brake and tyre assembly during the 10Q,Kdtops in paragraph 3.3.2.

1.4.9 Drt- Rated Accelerat&top Deceleration.

Drtis the minimum of tle distance averaged decelerations demonstrated by the wheel,
brake, and tyre assembly during theg¢&ops in paragraph 3.3.3.

1.4.10Dss- Rated Most Severe Landing Stop Deceleration.

Dssis the distance averaged deceleration demonstrated by the whweke and tyre
assembly during the KEStop in paragraph 3.3.4.

1.4.11Heat Sink.

The heat sink is the mass of the brake that is primarily responsible for absorbing energy
during a stop.

For a typical brake, this would consist of the stationary and mgadlisc assemblies.
1.4.12KEk, - Wheel/Brake Rated Design Landing Stop Energy.

KBk is the minimum energy absorbed by the wheel/brake/tyre assembly during every
stop of the 100 stop design landing stop test. (paragraph 3.3.2).

1.4.13KKr- Wheel/BrakeRated Accelerat&top Energy.

Kkt is the energy absorbed by the wheel/brake/tyre assembly demonstrated in
accordance with the accelerattop test in paragraph 3.3.3.

1.4.14KEs- Wheel/Brake Rated Most Severe Landing Stop Energy.

KEs is the energyabsorbed by the wheel/brake/tyre assembly demonstrated in
accordance with paragraph 3.3.4.

1.4.15L - Wheel Rated Radial Limit Load.
L is the wheel rated maximum radial limit load (paragraph 3.2.1).
1.4.16R- Wheel Rated Tyre Loaded Radius.

Risthedt i AO NI} RAdza G f2FR a{¢ F2NJ 6KS 6KSSf
defined as the minimum distance from the axle centreline to the tyre/ground contact
interface.

1.4.17S-Wheel Rated Static Load.
S is the maximum static load (Referen&25.731(b)).
1.4.18Sk- Wheel/Brake Rated Structural Torque.
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Skis the maximum structural torque demonstrated (paragraph 3.3.5).
1.4.19T $r- Brake Rated Tyre Type(s) and Size(s).
TSris the tyre type(s) and size(s) used to achieve thg, Kz and Kksbrake ratings.

TS$rMust be a tyre type and size approved for installation on the whegJdTS
1.4.20TSr- Wheel Rated Tyre Type(s) and Size(s).

TSwris the wheel rated tyre type(s) and Size(s) defined for use and approved by the
aeroplane maufacturer for installation on the wheel.

1.4.21TTgt- Suitable Tyre for Brake Tests.
TTeris the rated tyre type and size.

TTeris the tyre type and size that has been determined as being the most critical for brake
performance and/or energy absorptiotests. The Tgrmust be a tyre type and size

approved for installation on the wheel ({;$. The suitable tyre may be different for
different tests.

1.4.22TTwr- Suitable Tyre for Wheel Test.
TTwris the wheel rated tyre type and size for wheel test.

TTwris the tyre type and size determined as being the most appropriate to introduce
loads and/or pressure that would induce the most severe stresses in the wheel.

TTwrmust be a tyre type and size approved for installation on the wheg|gT$he
suitable yre may be different for different tests.

1.4.23Vp, - Wheel/Brake Design Landing Stop Speed.

VpLis the initial brake®n speed for a design landing stop (paragraph 3.3.2).
1.4.24Vr- Aeroplane Maximum Rotation Speed.
1.4.25Vr+ Wheel/Brake Acceleta-Stop Speed.

Vrris the initial brake®n speed used to demonstrate Kfparagraph 3.3.3).
1.4.26Vss- Wheel/Brake Most Severe Landing Stop Speed.

Vssis the initial brake®n speed used to demonstrate KESS (paragraph 3.3.4).
1.4.27Wgrp- Wheel Ratd Inflation Pressure.

Wkpris the wheel rated inflation pressure (wheel unloaded).

CHAPTER 2 GENERAL DESIGN SPECIFICATION.
2.1 AIRWORTHINESS.

As specified in C&.1529, the continued airworthiness of the aeroplane on which the
equipmentistobe instalR  Ydzald 0SS O2yaARSNBR® {SS LI NI} INIFL
0S CdNYyAaKSR ¢6AGK al ydzZFl OGdz2NBR ! NI AOf Saodé

2.2 FIRE PROTECTION.

Except for small parts (such as fasteners, seals, grommets, and small electrical parts) that would
not contribute significary to the propagation of a fire, all solid materials used must be self
extinguishing. See also paragraphs 2.4.5, 3.3.3.5 and 3.3.4.5.
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2.3 DESIGN.

Unless shown to be unnecessary by test or analysis, the equipment must comply with the
following:

2.3.1 WheelBearing Lubricant Retainers.

Wheel bearing lubricant retainers must retain the lubricant under all operating
conditions, prevent the lubricant from reaching braking surfaces, and prevent foreign
matter from entering the bearings.

2.3.2 Removable Flanges.

All removable flanges must be assembled onto the wheel in a manner that will prevent
the removable flanges and retaining devices from leaving the wheel if a tyre deflates
while the wheel is rolling.

2.3.3 Adjustment.

The brake mechanism must be equippedhsuitable adjustment devices to maintain
appropriate running clearance when subjected to BRP

2.3.4 Water Seal.

Wheels intended for use on amphibious aircraft must be sealed to prevent entrance of
water into the wheel bearings or other portions of tiadeel or brake, unless the design

is such that brake action and service life will not be impaired by the presence of sea water
or fresh water.

2.3.5 Burst Prevention.

Means must be provided to prevent wheel failure and tyre burst that might result from
over- pressurisation or from elevated brake temperatures. The means must take into
account the pressure and the temperature gradients over the full operating range.

2.3.6 Wheel Rim and Inflation Valve.

Tyre and Rim Association (Reference: Aircraft Year-Bpakand Rim Association Inc.)

or, alternatively, The European Tyre and Rim Technical Organisation (Reference: Aircraft
Tyre and Rim Data Book) approval of the rim dimensions and inflation valve is
encouraged.

2.3.7 Brake Piston Retention.

The brake mustnicorporate means to ensure that the actuation system does not allow
hydraulic fluid to escape if the limits of piston travel are reached.

2.3.8 Wear Indicator.

A reliable method must be provided for determining when the heat sink is worn to its
permissiblelimit.

2.3.9 Wheel Bearings.
Means should be incorporated to avoid raissembly of wheel bearings.
2.3.10Fatigue.

The design of the wheel must incorporate techniques to improve fatigue resistance of
critical areas of the wheel and minimise the effecfstioe expected corrosion and
temperature environment. The wheel must include design provisions to minimise the
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2.4

probability of fatigue failures that could lead to flange separation or other wheel burst
failures.

2.3.11Dissimilar Materials.

When dissimilarmaterials are used in the construction and the galvanic potential
between the materials indicate galvanic corrosion is likely, effective meansto prevent the
corrosion must be incorporated in the design. In addition, differential thermal expansion
must nd unduly affect the functioning, load capability, and the fatigue life of the
components.

CONSTRUCTION.

The suitability and durability of the materials used for components must be established on the
basis of experience or tests. In addition, the madérimust conform to approved specifications
that ensure the strength and other properties are those that were assumed in the design.

2.4.1 Castings.

Castings must be of high quality, clean, sound, and free from blowholes, porosity, or
surface defects causby inclusions, except that loose sand or entrapped gases may be
allowed when serviceability is not impaired.

2.4.2 Forgings.

Forgings must be of uniform condition, free from blisters, fins, folds, seams, laps, cracks,
segregation, and other defects. Impections may be removed if strength and
serviceability would not be impaired as a result.

2.4.3 Bolts and Studs.

When bolts or studs are used for fastening together sections of a wheel or brake, the
length of the threads must be sufficient to fully engattpe nut, including its locking
feature, and there must be sufficient unthreaded bearing areato carry the required load.

2.4.4 Environmental Protection.

All the components used must be suitably protected against deterioration or loss of
strength in servie due to any environmental cause, such as weathering, corrosion, and
abrasion.

2.4.5 Magnesium Parts.

Magnesium and alloys having magnesium as a major constituent must not be used on
brakes or braked wheels.

CHAPTER 3 MINIMUM PERFORMANCE UNDER STANSREDNEITIONS.

3.1

3.2

INTRODUCTION.

The test conditions and performance criteria described in this chapter provide a laboratory
means of demonstrating compliance with this ETSO minimum performance standard. The
aeroplane manufacturer must define all relevdast parameter values.

WHEEL TESTS.

To establish the ratings for a wheel, it must be substantiated that standard production wheel
samples will meet the following radial load, combined load, roll loadpretim (if applicable)
and overpressure tesequirements.
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For all tests, except the ratin-rim test in paragraph 3.2.4, the wheel must be fitted with a
suitable tyre, T\, and wheel loads must be applied through the tyre. The ultimate load tests
in paragraphs 3.2.1.3 and 3.2.2.3 provide for anralitive method of loading if it is not possible

to conduct these tests with the tyre mounted.

3.2.1 Radial Load Test.

If the radial limit load of paragraph 3.2.2is equal to or greater than the radial limit load
in this paragraph, the test specified indlparagraph may be omitted.

Test the wheel for yield and ultimate loads as follows:
3.2.1.1 Test method.

With a suitable tyre, Tyfy, installed, mount the wheel on its axle, and position it
against a flat, nowleflecting surface. The wheel axle must hakie same angular
orientation to the nondeflecting surface that it will have to a flat runway when it

is mounted on an aeroplane and is under the maximum radial limit load, L. Inflate
the tyre to the pressure recommended for the Wheel Rated Static LoaithRjas
and/or liquid.

If liquid inflation is used, liquid must be bled off to obtain the same tyre deflection
that would result if gas inflation were used.

Liquid pressure must not exceed the pressure that would develop if gas inflation
were used and theyre were deflected to its maximum extent. Load the wheel
through its axle with the load applied perpendicular to the flat, ueflecting
surface. Deflection readings must be taken at suitable points to indicate deflection
and permanent set of the wheeilm at the bead seat.

3.2.1.2 Yield Load.

Apply to the wheel and tyre assembly a load not less than 1-15 times the maximum
radial limit load, L, as determined under CS 25.471 through 25.511, as appropriate.

Determine the most critical wheel orientation thirespect to the nordeflecting
surface. Apply the load with the tyre loaded against the-defiecting surface, and

with the wheel rotated 90 degrees with respect to the most critical orientation.
Repeat the loading with the wheel 180, 270, and 0 deghems the most critical
orientation. The bearing cups, cones, and rollers used in operation must be used
for these loadings. If at a point of loading during the test bottoming of the tyre
occurs, then the tyre pressure may be increased an amount sufficalyt to
prevent bottoming.

Three successive loadings at the O degree position must not cause permanent set
increments of increasing magnitude. The permanent set increment caused by the
last loading at the O degree position may not exceed 5 percent otitiection
caused by that loading or -005 inches (-125mm), whichever is greater. There must
be no yielding of the wheel such as would result in loose bearing cups, liquid or gas
leakage through the wheel or past the wheel seal. There must be no interferenc
in any critical areas between the wheel and brake assembly, or between the most
critical deflected tyre and brake (with fittings) up to limit load conditions, taking
into account the axle flexibility. Lack of interference can be established by analyses
and/or tests.

3.2.1.3 Ultimate Load.
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Apply to the wheel used in the yield test in paragraph 3.2.1.2, and the tyre
assembly, a load not less than 2 times the maximum radial limit load, L, for castings,
and 1.5 times the maximum radial limit load, L, forgiogs, as determined under

CS 25.471 through 25.511, as appropriate.

Apply the load with the tyre and wheel against the rdeflecting surface and the
wheel positioned at O degree orientation (paragraph 3.2.1.2). The bearing cones
may be replaced with cooal bushings, but the cups used in operation must be
used for this loading. If, at a point of loading during the test, it is shown that the
tyre will not successfully maintain pressure or if bottoming of the tyre occurs, the
tyre pressure may be increaseld bottoming of the tyre continues to occur with
increased pressure, then a loading block that fits between the rim flanges and
simulates the load transfer of the inflated tyre may be used. The arc of the wheel
supported by the loading block must be negter than 60 degrees.

The wheel must support the load without failure for at least 3 seconds. Abrupt loss
of loadcarrying capability or fragmentation during the test constitutes failure.

3.2.2 Combined Radial and Side Load Test.
Test the wheel for the gid and ultimate loads as follows:
3.2.2.1 Test Method.

With a suitable tyre, Ty installed, mount the wheel on its axle and position it
against a flat, nomeflecting surface. The wheel axle must have the same angular
orientation to the nondeflectingsurface that it will have to a flat runway when it

is mounted on an aeroplane and is under the combined radial and side limit loads.
Inflate the tyre to the pressure recommended for the maximum static load with
gas and/or liquid.

If liquid inflation is usd, liquid must be bled off to obtain the same tyre deflection
that would result if gas inflation were used.

Liquid pressure must not exceed the pressure that would develop if gas inflation
were used and the tyre were deflected to its maximum extent. Ferrtddial load
component, load the wheel through its axle with load applied perpendicular to the
flat nondeflecting surface. Apply the two loads simultaneously, increasing them
either continuously or in increments no greater than 10 percent of the totad$o

to be applied.

Ifit is impossible to generate the side load because of friction limitations, the radial
load may be increased, or a portion of the side load may be applied directly to the
tyre/wheel. In such circumstances it must be demonstrated tieet moment

resulting from the side load is no less severe than would otherwise have occurred.

Alternatively, the vector resultant of the radial and side loads may be applied to
the axle.

Deflection readings must be taken at suitable points to indicateed&fin and
permanent set of the wheel rim at the bead seat.

3.2.2.2 Combined Yield Load.

Apply to the wheel and tyre assembly radial and side loads not less than 1.15 times
the respective ground limit loads, as determined under CS 25.485, 25.495, 25.497,
and 25.499, as appropriate. If at a point of loading during the test bottoming of the
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tyre occurs, then the tyre pressure may be increased an amount sufficient only to
prevent bottoming.

Determine the most critical wheel orientation with respect to the reflected
surface.

Apply the load with the tyre loaded against the rgeflecting surface, and with
the wheel rotated 90 degrees with respect to the most critical orientation. Repeat
the loading with the wheel 180, 270, and O degrees from the most dritica
orientation.

The bearing cups, cones, and rollers used in operation must be used in this test.

A tube may be used in a tubeless tyre only when it has been demonstrated that
pressure will be lost due to the inability of a tyre bead to remain properly
postioned under the load. The wheel must be tested for the most critical inboard
and outboard side loads.

Three successive loadings at the O degree position must not cause permanent set
increments of increasing magnitude. The permanent set increment causte:by

last loadings at the O degree position must not exceed 5 percent of the deflection
caused by the loading, or .005 inches (.125mm), whichever is greater. There must
be no yielding of the wheel such as would result in loose bearing cups, gas or liquid
leakage through the wheel or past the wheel seal. There must be no interference
in any critical areas between the wheel and brake assembly, or between the most
critical deflected tyre and brake (with fittings) up to limit load conditions, taking
into accourn the axle flexibility. Lack of interference can be established by analyses
and/or tests.

3.2.2.3 Combined Ultimate Load.

Apply to the wheel, used in the yield test of paragraph 3.2.2.2, radial and side loads
not less than 2 times for castings and 1.5dgror forgings, the respective ground
limit loads as determined under JAR 25.485, 25.495, 25.497, and 25.499, as
appropriate.

Apply these loads with a tyre and wheel against the-deflecting surface and the
wheel oriented at the O degree position (paragh 3.2.2.2). The bearing cones
may be replaced with conical bushings, but the cups used in operation must be
used for this loading.

If at any point of loading during the test it is shown that the tyre will not
successfully maintain pressure, or if bottmm of the tyre on the nowleflecting
surface occurs, the tyre pressure may be increased. If bottoming of the tyre
continues to occur with this increased pressure, then a loading block that fits
between the rim flanges and simulates the load transfer @f ififlated tyre may

be used. The arc of wheel supported by the loading block must be no greater than
60 degrees.

The wheel must support the loads without failure for at least 3 seconds. Abrupt
loss of loaetarrying capability or fragmentation during thesteconstitutes failure.

3.2.3 Wheel Roll Test.
3.2.3.1 Test Method.
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3.3

With a suitable tyre, Ty, installed, mount the wheel on its axle and position it
against a flat nomleflecting surface or a flywheel. The wheel axle must have the
same angular orientadh to the nondeflecting surface that it will have to a flat
runway when it is mounted on an aeroplane and is under the Wheel Rated Static
Load, S. During the roll test, the tyre pressure must not be less than 1.14 times the
Wheel Rated Inflation Pressuréd/RP, (0.10 to account for temperature rise and
0.04 to account for loaded tyre pressure). For side load conditions, the wheel axle
must be yawed to the angle that will produce a wheel side load component equal
to 0.15 S while the wheel is being roll tedte

3.2.3.2 Roll Test.

The wheel must be tested under the loads and for the distances shown in Table 3

1.

TABLE 34 Load Conditions and Roll Distances for Roll Test
Wheel Rated Static Load, S 2000 (3220)
Wheel Rited Static Load, S, plus a 0.15xS side load af 100 (161)
in the outboard direction
Wheel Rated Static Load, S, plus a 0.15xS side load & 100 (161)

in the inboard direction

At the end of the test, the wheel must not be cracked, there mushbdeakage
through the wheel or past the wheel seal(s), and the bearing cups must not be
loose.

3.2.4 Rolton-Rim Test (not applicable to nose wheels).

The wheel assembly without a tyre must be tested at a speed of no less than 10 mph
(4.6m/s) under a lod equal to the Wheel Rated Static Load, S. The test roll distance (in
feet) must be determined as 0.RAbut need not exceed 15 000 feet®2 meters). The

test axle angular orientation with the load surface must represent that of the aeroplane
axle to tke runway under the static load S.

The wheel assembly must support the load for the distance defined above. During the
test, no fragmentation of the wheel is permitted; cracks are allowed.

3.2.5 Overpressure Test.

The wheel assembly, with a suitable tyréyJ, installed, must be tested to demonstrate
that it can withstand the application of 4.0 times the wheel rated inflation pressure, WRP.
The wheel must retain the pressure for at least 3 seconds. Abrupt loss of pressure
containment capability or fragmenten during the test constitutes failure. Plugs may be
used in place of ovepressurisation protection device(s) to conduct this test (JAR
25.731(d)).

3.2.6 Diffusion Test.

A tubeless tyre and wheel assembly must hold its rated inflation pressure, WRH, for
hours with a pressure drop no greater than 5 percent. This test must be performed after
the tyre growth has stabilised.

WHEEL AND BRAKE ASSEMBLY TESTS.
3.3.1 General.
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3.3.1.1 The wheel and brake assembly, with a suitable tygs, ihgtalled, musbe tested
on a testing machine in accordance with the following, as well as paragraphs 3.3.2,
3.3.3, 3.3.5 and, if applicable, 3.3.4.

3.3.1.2 For tests detailed in paragraphs 3.3.2, 3.3.3, and 3.3.4, the test energ)j¢diE
and Kksand brake appliation speeds M, ks and \sare as defined by the
aeroplane manufacturer.

3.3.1.3 For tests detailed in paragraphs 3.3.2, 3.3.3, and 3.3.4, the initial brake application
speed must be as close as practicable to, but not greater than, the speed
establisted in accordance with paragraph 3.3.1.2, with the exception that marginal
speed increases are allowed to compensate for brake pressure release permitted
in paragraphs 3.3.3.4 and 3.3.4.4. Anincrease in the initial brake application speed
is not a permisble method of accounting for a reduced (i.e., lower than ideal)
dynamometer mass. This method is not permissible because, for a target test
deceleration, a reduction in the energy absorption rate would result, and could
produce performance different fromheat which would be achieved with the
correct brake application speed. The energy to be absorbed during any stop must
not be less than that established in accordance with paragraph 3.3.1.2.
Additionally, forced air or other artificial cooling means are petmitted during
these stops.

3.3.1.4 The brake assembly must be tested using the fluid (or other actuating means)
specified for use with the brake on the aeroplane.

3.3.2 Design Landing Stop Test.

3.3.2.1 The wheel and brake assembly under test must @00 stops at the KE
energy, each at the mean distance averaged deceleration, D, defined by the
aeroplane manufacturer, but not less than ft@? (3.05m/s?). (See CS
25.735(f)(1)).

3.3.2.2 During the design landing stop test, the disc support siracmust not be
changed if it is intended for reuse, or if the wearable material is integral to the
structure of the disc. One change of individual blocks or integrally bonded wearable
material is permitted. For discs using integrally bonded wearable najiene
change is permitted, provided that the disc support structure is not intended for
reuse. The remainder of the wheel/brake assembly parts must withstand the 100
KB stops without failure or impairment of operation.

3.3.3 AccelerateStop Test.

3.3.3.1 The wheel and brake assembly under test must complete the accefstiaitest
at the mean distance averaged deceleration, D, defined by the aeroplane
manufacturer, but not less than 6 f€/¢1.83 m/$). (See CS 25.735(f)(2)).

This test establishes theaximum acceleratstop energy rating, k& of the wheel
and brake assembly using:

a. The Brake Rated Maximum Operating Pressure, BROS

b. ¢KS YIFEAYdzY oNI} 1S LINBaadNB O02yaraiasSy
pressure limitations (e.g., tyre/runway &g capability based on
substantiated data).

3.3.3.2 For the acceleraop test, the tyre, wheel, and brake assembly must be tested
at Kisrfor both a new brake and a fully worn brake.
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a. Anew brake is defined as a brake on which less than 5 percdrg okable
wear range of the heat sink has been consumed.

b. A worn brake is defined as a brake on which the usable wear range of the
heat sink has already been fully consumed tg,BR

The proportioning of wear through the brake for the various frictiotirp#or this

test must be based on service wear experience or wear test data of an equivalent

or similar brake. Either operationally worn or mechanically worn brake
components may be used. If mechanically worn components are used, it must be

shown that they can be expected to provide similar results to operationally worn
components. The test brake must be subjected to a sufficient number and type of
at2Lla G2 SyadaNB GKFd (§KS 0 Nrksgni&@use; alS NF 2 NI
least one of these stopsvith the brake near the fully worn condition, must be a

design landing stop.

3.3.3.3 Atthetime of brake application, the temperatures of the tyre, wheel, and brake,
particularly the heat sink, must, as closely as practicable, be representative of a
typical inservice condition. Preheating by taxi stops is an acceptable means.

These temperatures must be based on a rational analysis of a braking cycle, taking
into account a typical brake temperature at which an aeroplane may be dispatched
from the ramp,plus a conservative estimate of heat sink temperature change
during subsequent taxiing and takeoff acceleration, as appropriate.

Alternatively, in the absence of a rational analysis, the starting heat sink
temperature must be that resulting from the apgiton of 10 percent K&to the

tyre, wheel and brake assembly, initially at not less than normal ambient
temperature (59°F/15°C).

3.3.3.4 A full stop demonstration is not required for the accelesttp test. The test
brake pressure may be released atest speed of up to 23 mph (10 m/s). In this
case, the initial brakesn speed must be adjusted such that the energy absorbed
by the tyre, wheel and brake assembly during the test is not less than the energy
absorbed if the test had commenced at the sfiied speed and continued to zero
ground speed.

3.3.3.5 Within 20 seconds of completion of the stop, or of the brake pressure release in
accordance with paragraph 3.3.3.4, the brake pressure must be adjusted to the
Brake Rated Maximum Parking Pressure, BRPand maintained for at least 3
minutes (CS 25.735(Q)).

No sustained fire that extends above the level of the highest point of the tyre is
allowed before 5 minutes have elapsed after application of parking brake pressure;
until this time has elapsed,either fire fighting means nor coolants may be applied.

The time of initiation of tyre pressure release (e.g., by wheel fuse plug), if
applicable, is to be recorded. The sequence of events described in paragraphs
3.3.3.4 and 3.3.3.5 is illustrated in figus-1.

3.3.4 Most Severe Landing Stop Test.

3.3.4.1 The wheel and brake assembly under test must complete the most severe landing
braking condition expected on the aeroplane as defined by the aeroplane
manufacturer. This test is not required if the tegfinequired in paragraph 3.3.3is

Powered by EASA eRules Page341of 521 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for European Technical Stanc SUBPRT B; LIST OF ET<
X EASA Orders (C&ETSO) (Amendment 3) ETSAC13E

more severe or the condition is shown to be extremely improbable by the
aeroplane manufacturer.

This test establishes, if required, the maximum energy rating, KESS, of the
wheel/brake assembly for landings under abnormaiditions using:

a. The Brake Rated Maximum Operating Pressure, RROS

b. ¢KS YIFIEAYdzY 0N} 1S LINBaadNBE OzyaradSyi
limitations (e.g., tyre/runway drag capability based on substantiated data).

3.3.4.2 For the most sevelanding stop test, the tyre, wheel and brake assembly must
be capable of absorbing the test energysK®ith a brake on which the usable
wear range of the heat sink has already been fully consumed tg_BES
25.735(f)(3)).

The proportioning of wear tlmugh the brake for the various friction pairs for this

test must be based on service wear experience or wear test data of an equivalent

or similar brake. Either operationally worn or mechanically worn brake
components may be used. If mechanically worn congmts are used, it must be

shown that they can be expected to provide similar results to operationally worn
components. The test brake must be subjected to a sufficient number and type of
at2LAa (2 SyadaNB GKIF G G§KS 0 Nidsgn&@use; oIS NJF 2 NI
least one of these stops, with the brake near the fully worn condition, must be a

design landing stop.

3.3.4.3 Atthe time of brake application, the temperatures of the tyre, wheel, and brake,
particularly the heat sink, must, as closely practicable, be representative of a
typical inservice condition. Preheating by taxi stops is an acceptable means.

These temperatures must be based on a rational analysis of a braking cycle, taking
into account a typical brake temperature at which tteeroplane may be
dispatched from the ramp, plus a conservative estimate of heat sink temperature
change during taxi, takeoff, and flight, as appropriate.

Alternatively, in the absence of a rational analysis, the starting heat sink
temperature must be thatesulting from the application of 5 percent o the

tyre, wheel and brake assembly initially at not less than normal ambient
temperature (59°F/15°C).

3.3.4.4 Afull stop demonstration is not required for the most severe larstiog test.
The test br&e pressure may be released at a test speed of up to 20 knots. In this
case, the initial brakesn speed must be adjusted such that the energy absorbed
by the tyre, wheel, and brake assembly during the test is not less than the energy
absorbed if the teshad commenced at the specified speed and continued to zero
ground speed.

3.3.4.5 Within 20 seconds of completion of the stop, or of the brake pressure release in
accordance with paragraph 3.3.4.4, the brake pressure must be adjusted to the
Brake Rated Mdmum Parking Pressure, BRRER and maintained for at least 3
minutes.

No sustained fire that extends above the level of the highest point of the tyre is
allowed before 5 minutes have elapsed after application of parking brake pressure;
until this time haglapsed, neither fire fighting means nor coolants may be applied.
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The time of initiation of tyre pressure release (e.g., by wheel fuse plug), if
applicable, is to be recorded. The sequence of events described in paragraphs
3.3.4.4 and 3.3.4.5 is illustred in Figure 2.

3.3.5 Structural Torque Test.

3.4

The Wheel/Brake Rated Structural Torque; 8 equal to the torque demonstrated in
the test defined in 3.3.5.1.

3.3.5.1 Apply to the wheel, brake and tyre assembly, the radial load S and the drag load

corresponding to the torque specified in paragraph 3.3.5.2 or 3.3.5.3, as applicable,
for at least 3 seconds. Rotation of the wheel must be resisted by a reaction force
transmitted through the brake, or brakes, by the application of at least Brake Rated
Maximun Operating Pressure, BR@R or equivalent. If such pressure or its
equivalent is insufficient to prevent rotation, the friction surface may be clamped,
bolted, or otherwise restrained while applying the pressure. A fully worn brake
configuration, B, must be used for this test. The proportioning of wear through
the brake for the various friction pairs for this test must be based on service wear
experience of an equivalent or similar brake or test machine wear test data. Either
operationally worn or melganically worn brake components may be used. An
actuating fluid other than that specified for use on the aeroplane may be used for
the structural torque test.

3.3.5.2 For landing gear with one wheel per landing gear strut, the torque is 1.2 (SxR).

3.3.5.3For landing gear with more than one wheel per landing gear strut, the torque is

1.44 (SXR).

3.3.5.4 The wheel and brake assembly must support the loads without failure for at least

3 seconds.

BRAKE TESTS.

The brake assembly must be tested using fibi (or other actuating means) specified

for use with the brake on the aeroplane. It must be substantiated that standard

production samples of the brake will pass the following tests:

3.4.1Yield & Overpressure Test.

The brake must withstand a pressurgual to 1.5 times BRfx for at least 5
minutes without permanent deformation of the structural components under test.

The brake, with actuator piston(s) extended to simulate a maximum worn
condition, must, for at least 3 seconds, withstand hydraulic pnesgqual to 2-0
times the Brake Rated Maximum Pressure, BRPavailable to the brakes. If
necessary, piston extension must be adjusted to prevent contact with retention
devices during this test.

3.4.2 Endurance Test.

A brake assembly must be subjectedan endurance test during which structural
failure or malfunction must not occur. If desired, the heat sink components may be
replaced by a reasonably representative dummy mass for this test.

The test must be conducted by subjecting the brake assemd@@d00 cycles of

an application of the average of the peak brake pressures needed in the design
landing stop test (paragraph 3.3.2) and release to a pressure not exceeding the
Brake Rated Retraction Pressure, BRF he pistons must be adjusted so that
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25000 cycles are performed at each of the four positions where the pistons would
be at rest when adjusted to nominally 25, 50, 75, and 100 percent of the wear limit,
BRW.L. The brake must then be subjected to 5 000 cycles of application of pressure
to BRRaxand release to BRBat the 100 percent wear limit.

Hydraulic brakes must meet the leakage requirements of paragraph 3.4.5 at the
completion of the test.

3.4.3 Piston Retention.

The hydraulic pistons must be positively retained without leakage at fnésti
BRRaxfor at least 10 seconds with the heat sink removed.

3.4.4 Extreme Temperature Soak Test.

The brake actuation system must comply with the dynamic leakage limits in
paragraph 3.4.5.2 for the following tests.

Subject the brake to at least a -Pur hot soak at the maximum piston housing
fluid temperature experienced during a design landing stop test (paragraph 3.3.2),
conducted without forced air cooling. While at the hot soak temperature, the brake
must be subjected to the application of the aveeagf the peak brake pressures
required during the 100 design landing stops and release to a pressure not
exceeding BREfor 1 000 cycles, followed by 25 cycles of Big&dhd release to

a pressure not exceeding BRP

The brake must then be cooled frothe hot soak temperature to a cold soak
temperature of- 40°F {40°C) and maintained at this temperature for at least 24
hours. While at the cold soak temperature, the brake must be subjected to the
application of the average of the peak brake pressuregiired during the KEDL

stops and release to a pressure not exceeding BRPRET, for 25 cycles, followed by 5
cycles of BRQRxand release to a pressure not exceeding gRP

3.4.5 Leakage Tests (Hydraulic Brakes).
3.4.5.1 Static Leakage Test.

The brake musbe subjected to a pressure equal to 1-5times @Rier at

least 5 minutes. The brake pressure must then be adjusted to an operating
pressure of 5 psig (35 kPa) for at least 5 minutes. There must be no
measurable leakage (less than one drop) duringtdss

3.4.5.2 Dynamic Leakage Test.

The brake must be subjected to 25 applications of \BRRach followed by
the release to a pressure not exceeding BRBeakage at static seals must
not exceed a trace. Leakage at moving seals must not exceed opefro
fluid per each 3 inches (76mm) of peripheral seal length.

CHAPTER 4 DATA REQUIREMENTS.

4.1 The manufacturer must provide the following data with any application for approval of
equipment

4.1.1 The following wheel and brake assembly ratings:

a. WheelRatings.
Wheel Rated Static Load, S,
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Wheel Rated Inflation Pressure, WRP,
Wheel Rated Tyre Loaded Radius, R.
Wheel Rated Maximum Limit Load, L,
Wheel Rated Tyre Size wkS

b.  Wheel/Brake and Brake Ratings.

Wheel/Brake Rated Design Landing Energy,, KiBd associated brakes-speed,
VDL:

Wheel/Brake Rated Accelera&iop Energy, Kk and associated brakes-speed,
VR'I?

Wheel/Brake Rated Most Severe Landing Stop Energy afH associated brakes
on-speed, ¥s(if applicable),

Brake Rated Maximui®@perating Pressure, BRER,
Brake Rated Maximum Pressure, BRPMAX,
Brake Rated Retraction Pressure, BRPRET,
Wheel/Brake Rated Structural Torque, STR,
Rated Design Landing Deceleration, DDL,
Rated Accelerat&top Deceleration, DRT,
Rated Most Severe hding Stop Deceleration, DSS (if applicable),
Brake Rated Tyre Size, TSBR,
Brake Rated Wear Limit, BRWL.
4.1.2 The weight of the wheel or brake, as applicable.
4.1.3 Specification of hydraulic fluid used, as applicable.
4.1.4 One copy of the test reporth®wing compliance with the test requirements.

NOTBNhen test results are being recorded for incorporation in the compliance test
report, it is not sufficient to note merely that the specified performance was
achieved. The actual numerical values obtaif@deach of the parameters tested
must be recorded, except where tests are pass/fail in character.
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SPEED . i
Accelerate-stop initiated at heat sink
temperature consistent with Paragraph 3.3.3.3

Brake Rated Maximum Parking Pressure (BRPPmax) applied

within 20 seconds after conclusion of accelerate stop and
Option: Brake release < 23 maintained for at least 3 minutes (Paragraph 3.3.3.5)
mph (10 m/s) with higher
initial brakes on speed

No fire fighting means or artificial
. od d coolants and limited fire only before
Taxll stops as fequire fo produce this time (Paragraph 3.3.3.5)
desired heat sink temperature
20 Seconds
. ON
\Eaxnmum .
23 mph D T 3 Min. Mini
(10 m/s) 3 Min. Minimum
| 5 Min. Minimum
4—— No Forced Air Cooling —_—
Permitted

Figure 31. Taxi, Accelerat&top, Park Test Sequence

SPEED

Option: Brake release < 23
mph (10 m/s) with higher
initial brakes on speed

Taxi stops as required to produce
desired heat sink temperature

23 mph

Most severe landing stop initiated at heat sink
temperature consistent with Paragraph 3.3.4.3

Brake Rated Maximum Parking Pressure (BRPPyax)
applied within 20 seconds after conclusion of the stop and
maintained for at least 3 minutes (Paragraph 3.3.4.5)

No fire fighting means or artificial
coolants and limited fire only before
this time (Paragraph 3.3.4.5)

20 Seconds
Maximum v

*

-
L

3 Min. Minimum

(10 m/s)

5 Min. Mininnun

[
|~.

No Forced Air Cooling EE——
Permitted

Figure 32. Most Severe Landin§top, Park Test Sequence
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ETSAC141

ED Decision 2003/10/Rpplicdle from 24.10.2003)
Aircraft Fluorescent Lighting Ballast/Fixture Equipment
1 Applicability

This ETSO gives the requirements that fluorescent lighting ballast/fixture equipment that are
manufactured on or after the date of this ETSO must meet in orddretadentified with
applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in the Society of Automotive Engineers, Inc. (SAE), Aerospace
{dFYRENR 6! {0 npmnz wS@GAAAZ2Y | a! ANDONI Fi
5SaA3dy { il yRIENRZ¢ RIUSR alé& mdpodd

3.1.2 Environmental Standard
See CETSGsubpart Aparagraph 2.1.

3.1.3 Computer Software None

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSGsubpart Aparagraph 1.2.
4.2 Specific
None
5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
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ETSAC142a

ED Decision 2008/012/R (applicable from 18.11.2008)
Non-Rechargeable Lithium Cells and Batteries
1 Applicability

This ETSO gives the requiremts which NorRechargeable Lithium Cells and Batteries that are
manufactured on or after the effective date of this ETSO must meet in order to be identified
with the applicable ETSO marking.

Note: Lithium sulphur dioxide (LiSO2) batteries approved urd@SeCo7a [ A 0 KA dzy { dz LJS
5A2EARS . FUUSNRASEa¢ RIFEUSR HnkmankHnno YLFé& ad
their original approval, but new applications for acechargeable lithium sulphur dioxide
batteries mus meet the MPS of this new ETSO. If there are major design changes to
lithium cells and batteries approved under current versionEGfSEC97 they must
comply with this ETSO142a.

2 Procedures
2.1 General
Applicabé procedures are detailed in €3 SCGubpart A
2.2 Specific
None
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

RTCAD@HT GaAyAYdzY hLISNIGA2YEFE t SNF2NXI yOS
from June 1995 unless otherwise specifiedAppendix lof this ETSO

3.1.2 Environmental Standard

NonRechargeable Lithium Cells and Batteries must be tested according to RTCA
DO227 Section 2.3 unless otherwise specifbyAppendix Jof this ETSO

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.

4.2 Specific
Each lithium cell or battery mustebmarked in accordance with RTCA-EXJ, Section
1.4.6.

5 Availability of Referenced Document
See CETSGubpart Aparagraph 3.
[Amdt ETSO/B
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APPENDIA TOETSEC142A C
MINIMUM PERFORMANCE ANDARD FORTHIUM BATTERIES

PURPOSE.

ED Decision 2008/012/R

This appendix prescribes the MPS for lithium batteries as modified by this ETSO.

REQUIREMENTS.

The standards applicable to this ETSO are set forth in the industry standard, RTCA/DO & a A Y A Y dzY

Operational Performancg 0 |
The standard is modified as fo
Table 1. Modifications to RTCA/BEZR7

YRENR F2NJ [ AGKAdZY . FGGSNRSAE

llows:

RTCA/DE227 section and title:] Required modification:

1.5.11, Design Life

1.7.3, Lot Acceptance Test Go

2.1.2 b, Performance
Requirements

Table 21, Cell evaluation

criteria

2.1.8.2, Test Tolerances

Warning-Hazards of Testing

2.3.1, Vibration Test

2.3.1, Vibration Test

2.3.1, Vibration Test

2.3.2, Shock Test

TO ADD at the end of the paragraph

G 9 lj dzA LJIY S ytirersvate yesiaankible for ensuring that the integr
of date coding systems used by the cell/battery supplier(s) will suppc
RSaA3AYy tAFTS ONARGSNRI d¢

TO ADD at the end of the paragraph

LG Aa NXO2YYSy wERotaickeptinceiektifg incllic
the discharge tests described by paragraph 2.4.1.1 Capéeitfication
¢Saloé

TO ADD at the end of the paragraph

GLT GKS ol GGSNBE A& NB
Sy@St 215z GSad GKS ol
TO DELETE the superscript 4" on the

Internal ShorCircuit Test row under the "FIRE" column. The supersc
"4"is only used under the Forcddischargexternal ShofCircuit, and
Charging tests, and then only under the "LEAK" and "VENT" column
TO ADD new paragraphs after2.1.8.2

Rated Capacity and Current

Except as otherwise specified in the test methods in subsections 2.3
2.4, the rated capacity and current must be the same for all testingin
standard.

When subjected to electrical testing specified inthis document, cells
batteries may leak or vent hazardous materials, burn, or i ngtceal
cases, ventviolently.

TO REPLAEHure 23 with the modified Figure-3

STANDARD RANDOM VIBRATION Figureghpendix 1 of this ETSO.
This revised figure depicts different limit lines.

TO REPLAGCgure 24 with the modified Figure-2

STANDARD RANDOM VIBRATION Fiduregppendix 1 of this ETSO.
This revised figure depicts different limit lines.
TOADD ST2NB G(KS t+ad asy
openciOdA i @2€t GF3S 6h/ +£0
TO REPLA@te wording with

GC2NJ GKS oF GGSNR akK201 GSaidz Y
they will be used. Perform this test using undischarged sample cells
batteries.Secure the sample to a shocktable by a mechanically secu
device. The shock test machine must be capable of imparting a serie
calibrated shock impulses to the sample. The shock impulse wavefol

NBER

d
G§SNB dz

w S

2
A

D¢

l
Ij

Sy 0SS A\
0ST2NBX

Powered by EASA eRules

Page3490f 521 Nov 201¢

RIE G SF


http://easa.europa.eu/

Orders (C&TSO) (Amendment 3) ETSAC142a

E g S g Easy Access Rules for European Technical Stant SUBPART BLIST OF ET¢

2.3.3, Temperature Cycling Te
2.3.3, Temperature Cycling Te

2.4.1.2, Discharge Test

2.4.1.2, Discharge Test

2.4.1.3, Forced Discharge Tes

2.4.1.3, Forced Discharge Tes

2.4.2.1, Internal Shortircuit
Test

3.4, Test Procedures for
InstalledEquipment
Performance

distortion atany point on the waveform may not be gteisthan 15
percent of the peak value of the shock pulse. The duration of the sha
pulseis specified with reference to the zero points of the wave. The s
forces are specified in terms of peak amplitude g values. Measure thi
shock impulse using a dadated accelerometer and associated
instrumentation having a 3db response over a range of atleast5to 2
Hz. Mount the sample on the shock test machine so that the shock
impulses can be applied in both directions of the three orthogonal ax
For generapurposes, use the following test parameters. Apply a 759
tooth wave shock impulse with a duration of 11 +2 ms in both directic
of the three orthogonal axes. Measure the open circuit voltage before
and after the test. Examine each sample to detereiif it meets the
requirements of Table-2 and 22.

For applications with shock requirements in excess of the general tes
(thatis, where crashworthiness, ELTs, or survivability is anissue), us
following more stringent requirements. Apply a 100ajf sine wave
shock impulse with a duration of 23 +2 ms in both directions of the th
orthogonal axes. Measure the open circuit voltage (OCV) before, dur
and after the test. Examine each sample to determine if it meets the
requirements of Table-2 or Table2H ® ¢

TO CHANGH times to 9 times

TO ADDo the end of the paragraph,

GXTF2N) SAGKSNI YSGUK2R®DE

TOADD FGSNJ GKS aSO2yR aSyidS¢osS
power supply to a voltage limit equal to the number of cells per seriet
A0NAY3I Ay GKS oF G§GSNER GAYSa (K
TOADOI 2 GKS SyR 2F GKS FANBG LI I
more protective devies, set the test current to just below (by no more
than 10 percent) the current at which any protective device will active
RdZNAy3 GKS F2NOSR RAaOKINBHS GS
TO DELETEe fourth sentence: If the

sample contains one or meprotective devices, the test currentis just
below (by no more than 10%) that at which any protective device will
activate during the forced discharge test.

TO ADDo the end of the paragraph

G¢KAA GSad asiagleyed lbatteNdS. [Jeithe Behs uFt@ ax
(possibly) including the maximum rate of discharge specified by the
manufacturer. Rate any protective device at or belowthe discharge r
specified by the manufacturer. Perform all testing according te thi

NI GAy3dé

TO REPLAGte first paragraph with

G¢KAAa GSad Aa RSaAax3aySR G2 RSitS
in undischarged cells. At 2@, deform the sample between a rod with &
hard insulating surfacend an insulated plate. Each cell is deformed u
the open circuit voltage drops abruptly oris reduced to atleast one tt
At the point where the cell voltage drops, remove the applied foAttew
the sample to cool to 24 and then hold for a mimium of 24 hours.
Examine each sample to determine if it meets the requirements of Te
2-M €

TO ADDnew paragraph after 3.4.

Toxic Gas Venting Precautions

Do notinstall or use batteries that canntéoxic gases inthe aircratt
cockpit, because of an increased probability of immediate flight crew
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3.4, Test Procedures for
InstalledEquipment
Performance

impairment. Batteries that can vent toxic gases may be installed or u
in an aircraft passenger compartment, if the installer shows thatthis
would not aeate a safety hazard. You can prevent a safety hazard by

a.

Installing a system for overboard venting, absorption, or
containment, or

Showing that, if venting occurs, permissible exposure limits do
exceed those maintained by safefjandard orgamations
(Occupational Safety and Health Administration and the Ameri
Conference of Governmental Industrial Hygienists, Inc.).

TO ADD new paragraph after 3.4

(@)

(b)

Because lithium batteries have iiged, vented gas or exploded, v
require additional performance standards governing the use
lithium batteries or equipment incorporating lithium cells
batteries on airplanes.

Airplane and equipment manufacturers incorporating lithium ¢
or batteries must ensure thatif thereis a fire within a single ce
the battery, the equipment unit will contain the fragments a
debris (but not smoke/gases/vapors) from a battery explosion
fire. Fire within the equipment, such as from wires and eledt
components, must seléxtinguish.

See Table 2, appendix 1 of this ETSO. for tests to ensure th
manufacturer has met the fire safety requirements for equipm
incorporating lithium cells or batteries.
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Figure 23. Standard Random Vibration Te€urves for Equipment Installed in Fixed Wing Aircraft with Turbojet Engines
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NOTE: All slopes are +6 dB/Octave and thecumulative spectral power
density is 4.12 g (rms).
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Figure 24. Robust Random Vibration Test Curves for Equipment Installed in Fixed Wing Aircraft with Turbojet Engines
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NOTE: All slopes are +6 dB/Octave and the cumulative spectral power
density is 6.08 g (rms).

Table 2. TESTS FOR FIRE SAFETY REQUIREMENTS
Criteria to Pass

External Measure direct connection between No venting of gases/vapors. No smoke produ
Short terminals through electric wire with No ignition or fire. No exploam.
Circuit resistance of 2rohm.

State of Charge (SoC) of a cell: 100%

Crush Test battery by dropping aniron ball (9.11 No venting of gases/vapors. No smoke produ

from the heightof 61cm No ignition or fire. No explosion.
SoC of a cell: 50%
Over Test battery by discharging witha current No venting of gases/vapors. No smoke produ

discharge 1C for 1 har (or to the maximum discharg No ignition or fire. No explosion.
time for the battery operation). SoC of a

cell: 0%

Overheat Testbattery by heatingupto 115 degrees No \enting of gases/vapors. No smoke produc
in the oven. No ignition or fire. No explosion.
SoC of a cell: 100%

Fire Testequipment unitwith batteryin place Unit must contain the fragments/debris from
for fire penetration by igniting a single unii explosion but nogases/vapors/smoke. Fire
SoC ofacell :100% within the unit must seHextinguish. Note that
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Table 2. TESTS FOR FIRE SAFETY REQUIREMENTS

Criteria to Pass

the presence of a fire extinguishing or
suppression system outside the battery (such
in the equipment compartment) may be used!
provide this feature if the systemis designedt
handle this fire threat.

[Amdt ETSO/3]
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ETSAC144

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Airborne Global Positioning System Antenna
1 Applicability

This ETSO gives the requirements that new models of airborne global positioning system
antenra that are manufactured on or after the date of this ETSO must meet in order to be
identified with applicable ETSO marking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in Section 2 of RTCAIDOY X daAyAYdzy hLISN
t SNF2NXYIFyOS {dFyRINRa FT2NJ ! AND2NYyS Df 206l

3.1.2 Environmental Staratd

See G&ETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See CGETSGubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific
None
5 Availability of Referenced Document

See CETSGubpart A
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ETSAC145

ED Decision 2003/10/Rfpplicable from 24.10.23)

Airborne Navigation Sensors Using the Global Positioning System (GPS) Augmented by the
Wide Area Augmentation System (WAAS)

1 Applicability

This ETSO gives the requirements that new models of airborne navigation sensors using the
Global Positioning Sysin (GPS) augmented by the Wide Area Augmentation System (WAAS)
that are manufactured on or after the date of this ETSO must meet in order to be identified with
applicable ETSO marking.

The standards of this ETSO apply to equipment intended to providegoosiformation to a
navigation management unit that outputs deviation commands referenced to a desired flight
path. These deviations will be used by the pilot or autopilot to guide the aircraft. These
standards do not address integration issues with otheionics, such as the potential for the
sensor to inadvertently command an autopilot hardover. These standards also do not address
the use of position information for other applications such as automatic dependent
surveillance.

2 Procedures
2.1 General
Applicable procedures are detailed in-E$SCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Airborne navigation sensors using GPS augmented by WAAS that aresto be

identified must meet the minimum performance standards for Class Beta
equipment set forth in Section 2 of RTCAB® ¢! = daAyAYdzy hLISH
Performance Standards for Global Positioning System/Wide Area Augmentation
{2a0SY 91ljdza LIYSy 8 as aRénded ahd MipjziérBentgd Dy thisth o
ETSO. Class Beta equipment is defined in Section 1 of RTFZ20B0O

3.1.2 Environmental Standard
See CETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software
See CETSGubpart Aparagraph 2.2.
3.2 Failure Condition Classification.
Failure of the function defined in paragraph 1 of this ETSO has been determined to be:

- a major failure condition for loss of function and malfunctioreofroute, terminal,
or nonprecision approach position data ;

- a major failure condition for loss of function of precision approach position data ;
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- and a hazardous failure condition for the malfunction of precision approach
position data.

The applicant mustdevelop the system to at least the design assurance level
commensurate with this hazard classification.

3.3 Functional qualifications.

The required performance shall be demonstrated under the test conditions specified in
RTCA/DQ29A, Section 2.5. The usé test procedures other than those specified in
Sections 2.5.2 through 2.5.9 of RTCA/ZXOA constitutes a deviation to this ETSO.

4 Marking
4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2  Specific

In addition, the following requirements apply to all separate components of equipment
that are manufactured under this ETSO:

- The operational equipment class as defined in Section 1 of RTE280(e.q.,
Class 2),

- When applicable, identificatiothat the article is an incomplete system or that the
article accomplishes additional functions beyond that described in paragraph 1 of
this ETSO.

5 Availability of Referenced Document
See CGETSGsubpart Aparagraph 3.
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ETSAC146

ED Decision 2003/10/Rfpplicable from 24.10.2003)

Stand-Alone Airborne Navigation Equipment Using the Global Positioning System (GPS)
Augmented by the Wide Area Augmentation System (WAAS)

1 Applicability

This ETSO gives the requiremerthat new models of stardlone airborne navigation
equipment using the Global Positioning System (GPS) augmented by the Wide Area
Augmentation System (WAAS) that are manufactured on or after the date of this ETSO must
meet in order to be identified witlapplicable ETSO marking.

The standards of this ETSO apply to equipment intended to provide position information to a
navigation management unit that outputs deviation commands referenced to a desired flight
path. These deviations will be used by the pitwt autopilot to guide the aircraft. These
standards do not address integration issues with other avionics, such as the potential for the
sensor to inadvertently command an autopilot hardover. These standards also do not address
the use of position informadn for other applications such as automatic dependent
surveillance.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Airborne navigation sensors using GPS augmented by WAAS that are to be so
identified must meet the minimum performance standards for Class Gamma or

Class Delta equipment set forth in Section 2 of RTCADOh. ¥ daAyAYdz
Operational Performance Standards for Global Positioning System/Wide Area
ldAaAYSyal GA2y {2adSYy 9ldALIYSylueés RFEFGSR |
supplemented by this ETSO. Class Gamma and Class Delta equipment are defined

in Section 1.4 of RTCA/EX29B.

3.1.2 Environnental Standard
See GETSGsubpart Aparagraph 2.1.
3.1.3 Computer Software
See CETSGsubpart Aparagraph 2.2.
3.2 Failure Condition Classification.

Failure of the faction defined in paragraph 1 of this ETSO has been determined to be:

- a major failure condition for loss of function and malfunction of en route, terminal,
or nonprecision approach position data ;

- a major failure condition for loss of function of precis@pproach position data ;
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- and a hazardous failure condition for the malfunction of precision approach
position data.

The applicant must develop the system to at least the design assurance level
commensurate with this hazard classification.

3.3. Functionalqualifications.

The required performance shall be demonstrated under the test conditions specified in
RTCA/DQ29B, Section 2.5. The use of test procedures other than those specified in
Sections 2.5.2 through 2.5.9 of RTCA/REZ®B constitutes a deviatido this ETSO.

4 Marking
4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific

In addition, the following requirements apply to all separate components of equipment
that are manufacturedinder this ETSO:

- The operational equipment class as defined in Section 1.4.2 of RTQ2ABJe.g.,
Class 2). A marking of Class 4 indicates compliance to-Dsdiguirements. The
functional equipment class defined in Section 1.4.1. of RTGRZ3B (e.g.
Gamma, Delta) is not required to be marked.

- When applicable, identification that the article is an incomplete system or that the
article accomplishes additional functions beyond that described in paragraph 1 of
this ETSO.

5 Availability of Referenced Doauent

See CETSGsubpart Aparagraph 3.
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ETSGAC147

ED Decision 2003/10/Rfpplicable from 24.10.2003)
Traffic Advisory System (TAS) Airborne Equipment
1 Applicability

This ETSO gives the requirements that new e®df active traffic advisory system (TAS)
airborne equipment that are manufactured on or after the date of this ETSO must meet in order
to be identified with applicable ETSO marking.

Equipment Classes are:

1. Class A. Equipment incorporating a horizontalagion display that indicates the presence
and relative location of intruder aircraft, and an aural alert informing the crew of a Traffic
Advisory (TA).

2. Class B. Equipment incorporating an aural alert and a visual annunciation informing the crew
of a TA.

2 Procedures
2.1 General
Applicable procedures are detailed inrEBSCubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 Basic
3.1.1 Minimum Performance Standard

Standards set forth in RTCA Document NERDOM T ! = daA YA Ydzy hLISH
Performance Standards for An Active Traffic Alert and Collision Avoidance $ystem

0!/ ¢L+x9 ¢/ 1 { mMOZ¢é¢ {SOlA2y ¢g2 ou0 { SLI S
in appendix Jof this document.

3.1.2 Environmental Standard

See CETSGubpart Aparagraph 2.1.
3.1.3 Computer Software

See GETSCBubpart Aparagraph 2.2.

3.2 Specific
None
4 Marking

4.1 General
Marking is detailed in GSTSCsubpart Aparagraph 1.2.
4.2 Specific

The equipment class, as defined in paragraph 1, shall be marked.
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5 Availability of Referenced Document
See G&ETSGubpart Aparagraph 3.
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APPENDIA TOETSBC147¢ CHANGES TRTCA/DGL97A,00 aNIMUM
OPERATIONAPERFORMANCE ANDARDS FOR MCTIVETRAFFIALERT AND
COLLISIOMVOIDANCESYSTEM (ACTIVETCAS WRPLICABLE TIRAFFIC

ADVISORYSYSTEM TASAIRBORNE EQUIPMENT

ED Decision 2003/10/RM

1.0 Changes Applicable to Both Class A and Class B Equipment.

1.1

1.2

1.3

Receiver Characteristics.

1.1.1 In-band Acceptance.In lieu of paragraph 2.2.2.1 of RTGADIA®, substitute the
following requirement:

Given a valid transponder reply signal in the absence of interference or overloads,
the minimum trigger level (MTL) is defined as the input power level that results in
a 90% ratio of decoded to received replies.

The MTL over the frequency range of 1,087 1893 MHz shall be no greater than
-70 dBm.

1.1.2 In-band Acceptance. In paragraph 2.4.2.2.1 of RTCAIIA, eliminate the
following:
underIntruder AircraftSt A YAY I G S GKS € adGrstBmySyY a{ OSy

under Test Description Successliminatethe last sentence: For scenarios C and
D, the ratio of correctly decoded intruder replies to total input replies shall not
exceed 10%.

Transmission Frequency. In lieu of paragraph 2.2.3.1 of RTEADQ substitute the
following requirement:

GecKSalvMIaaArzy FNBIdsSyoOe 2F az2RS / AyGSNNR3AL
Transmitter RF Output Power.In lieu of paragraph 2.2.3.2 of RTCHIDA) substitute
the following requirement:

When transmitting at full (unattenuated) output power, the peak RFEpat power
delivered to a quarter wave stub antenna shall be within the following limits:

Maximum RF Power: 54 dBm (250W)
Minimum RF Power: 50 dBm (100W)

In the event that antenna gain differs from that of a quarter wave stub antenna (3 dBi),
the power limts shall be adjusted accordingly. These limits are based upon range and
interference limiting requirements.

Note:When transmitting at full (unattenuated) power, the RF power radiated at the
pattern peak shall be within the following limits:

Maximum EIRP: 57 dBm (500W)
Minimum EIRP: 53 dBm (200W)

It is assumed that the peak gain of a typical quarter wave stub antenna is 3 dBi. EIRP =
Effective Isotropic Radiated Power.

Note: As an alternative to the above, an active TAS may chose to operate as a kw pow
system at a fixed rate power product limit of 42 Watts per second, in which case the peak
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1.4

1.5

1.6

RF output power delivered to a quarter wave stub antenna shall not exceed 46 dBm
(40W).

Transmitter Pulse Characteristics. In lieu of paragraph 2.2.3.5 of /BDQA7A,
substitute the following requirement:

ATCRBS interrogations from active TAS shall employ the Mode C format illustrated in
Figure 21.

The rise and decay times may be less than shown in the following table, provided the
sideband radiation does natxceed the spectral limits tabulated in this standard. The
amplitude of P3 shall be within 0.5 dB of the amplitude of P1.

ACTIVE TAS MODE PULSE SHAPES (All values in Microseconds)

Pulse Designato] Pulse Duration| Duration Tolerancd  Rise Time | Decay Time |

Min Max  Min Max
P1, P3 0.8 +0.075 0.05 0.1 0.05 0.2
The pulse spacing tolerances shall be as follows: P1 to R3.20 microseconds

Mode S Broadcast Reception. In lieu of paragraph 2.2.4.2 of RTQAX)substitute
the following requirement:

The Active TAS shall have the capability to receive 1,030 MHz Mode S broadcast signals
for the purpose of obtaining a count of TCAS interrogators in its vicinity. Mode S reception
may reside in an associated Mode S transponder, or may by integral to the AAS
equipment, in which case those functions necessary to receive and process Mode S
broadcast signals for a TCAS count shall be implemented and tested in accordance with
RTCA/DE181A.

Note: As an alternative to the above, an active TAS may chogetate at a fixed rate
power product limit of 42W/sec, in which case the requirement to obtain a count of TCAS
interrogators for the purpose of interference limiting is eliminated.

Interference Limiting.In lieu of paragraph 2.2.6 of RTCAIDTA, substute the
following requirement:

To assure that all interference effects from Active TAS equipment are kept to a low level,
Active TAS equipment shall control its interrogation rate or power or both to conform to
the following limits.

These limits are givein terms of
RR =the Mode A/C reply rate of own transponder

NT =the number of airborne TCAS interrogators detected via Mode S broadcast
receptions with a receiver threshold ef4 dBm.

The Minimum Active TCAS shall have the capability to monitonBRBaand to use this
information in interference limiting. Once each scan period, NT shall be updated as the
number of distinct TCAS addresses received within the previous 20 second period.

The limits are as follows:

0

AYAG F2NJ

If RR <40 If RR > 240

250 118
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LIISNI [ AYAG F2NJy tolo
L J#rre40 | HRR>240 |
1 250 113
2 250 108
3 250 103
4 250 98
5 250 94
6 250 89
7 250 84
8 250 79
9 250 74
10 245 70
11 228 65
12 210 60
13 193 55
14 175 50
15 158 45
16 144 41
17 126 36
18 109 31
19 91 26
20 74 21
21 60 17
*R2 42 12

P(k) =power (watts) of the kth interrogation each second. This is the total radiated power
(after all losses in cabling and antenna). If the set of powers is not the same in each1
AaSO2yYR LISNA2RXYX UKSY 1 tolu NBLNklasSydua U0UKS
K =total number of interrogations in a 1 second period.

Note 1: RR = the Mode A/C interrogation reception rate of own transponder may be used
instead of RR = the Mode A/C reply rate of own transponder.

Note 2: As an alternative to the above, an active TAS mayg thaperate as a low power
system at a fixed rate power product limit of 42W/sec, in which case the requirement to
further interference limit based on RR or IR is eliminated

In lieu of paragraph 2.4.2.5 of RTCA/D@YA, substitute the following:

This tesverifies that Active TAS is able to monitor its own transponder reply rate and to
derive a count of TCAS aircraft by listening to TCAS broadcast interrogations and, based
on these values, adjust its transmit powete product to conform to the Active TA
interference limits.

Inputs:

Active TAS Aircraft
Altitude = 8000 ft.
Altitude Rate = 0 FPM
Intruder Aircraft 122
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Equipage = Active TCAS Il

Range = Not Applicable

Relative Speed = Not Applicable

Altitude = Not Applicable

Altitude Rate = Not Applidde

TCAS Broadcast Interrogation Poweb&dBm
ATCRBS Interrogation

Frequency = 1030 MHz

Type = ATCRBS Mode C

Power =50 dBm

Rate

Scenario A = 230 per second
Scenario B = 250 per second
Conditions:

Active TAS initialized and operating at T = 0 sesoRach of the 22 intruders is assigned
a discrete address and transmits only TCAS broadcast interrogations and only at the
following times and rates:

Intruders 210 every 10 sec starting at T = 30 sec.
Intruders 1115 every 20 sec starting at T = 70.sec
Intruders 1622 every 20 sec starting at T = 130 sec.

The timing of the TCAS broadcast interrogations and the ATCRBS interrogations are
controlled to prevent overlap of each other.

Scenario Description

The test involves use of an ATCRBS transpondehwbpplies reply rate information to

Active TAS. The transponder is interrogated in Mode C at a 230 per second rate in
Scenario A and at a 250 per second rate in Scenario B. During each scenario, the value of
Total Radiated Power per second from Active T&\$neasured by summing the
transmitter output powers of each Active TAS interrogation over a scan period,
determining the average per second value and accounting for cable and antenna losses.

Success: The Total Radiated Power per second shall not exeetafldwing values:
Scenario A

250 watts/sec measured at T = 20 sec

245 watts/sec measured at T = 60 sec

158 watts/sec measured at T = 120 sec

42 watts/sec measured at T = 180 sec

Scenario B

118 watts/sec measured at T = 20 sec
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70 watts/sec measured aft = 60 sec

45 watts/sec measured at T = 120 sec
12 watts/sec measured at T = 180 sec

Note: For fixed rate power systems, total radiated power is constant and shall not exceed
42 watts/sec.

1.7 Active TAS Antenna System. In lieu of paragraph 2.2.1@HBBLI7A, substitute the
following requirement:

The equipment shall transmit interrogations and receive replies from at least one
directional antenna mounted on the top or bottom of the aircraft.

1.8 Pilot Advisory Functions. In lieu of paragraph 2.1.8R3 CA/DEQ97A, substitute the
following requirement:

The interface between Active TAS and the pilot shall be based on the FAA Advisory

/| ANDOdzZE I NI SYGAGt SR a! ANU2NIKAYSaa ! LILINB DI €
0! OGA DS ¢/ ! fevet hie dcdepthble foRtkel TAS syster to use shape as the
only discriminate for traffic threat levels. This will allow the use of a monochrome display
representation of the TCAS symbology. It shall also be acceptable to provide a blinking TA
symbol to albw further discrimination of the traffic alert symbol.

2.0 Changes Applicable Only to Class A Equipment.

2.1 Pilot Advisory Functions, Active TCAS | Pilot Interface and Aural Alert. In lieu of paragraphs
2.1.5, 2.2.12 and 2.2.15 of RTCA/DZTA, substitutehe following requirements:

1.  Atraffic display shall be provided to indicate the presence and location of intruder
aircraft. The traffic display may be combined with other aircraft displays. The traffic
RAALXE & &Kl ff LINEJAR &ngé, Kearing) AidB, dor aftitude K~ (1 K S
reporting intruders, relative altitude and vertical trend.

2.  Two levels of intruder aircraft shall be displayed; those causing a TA, and other
traffic. Other traffic is defined as any traffic within the selected dispénge and
not a TA.

Note: The use of TCAS threat levels as defined 930 is an acceptable
alternative to the requirements defined in this section.

3.  As a minimum, the traffic display shall depict the following information to aid in
the visual acquitibn of traffic and assist in determining the relative importance of
each aircraft shown:

Note: TCAS | symbology as defined in the FAA Advisory Circular entitled
G!' ANVZ2NIOKAYSaa ! LIWINRGEE 2F ¢NIXFFAO | yR
is an accptable alternative to the symbology requirements defined in this section.

In addition, the use of TCAS symbology with a monochrome display is also an
acceptable means of depicting traffic information.

a.  Symbolic differentiation among traffic of differentlative importance. TA,
other traffic (see |, j, k, I, & m below).

b. Bearing
C. Relative altitude (for altitude reporting aircraft only)

(1) Above or below own aircraft (+ ardigns)
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(2) Numerical value
Vertical trend of intruder aircraft (for altitde reporting aircraft only).
Range. The selected range shall be depicted.

The display must be easily readable under all normal cockpit conditions and
all expected ambient light conditions from total darkness to bright reflected
sunlight.

The distay shall contain a symbol to represent own aircraft. The symbol
shall be different from those used to indicate TA and other traffic. The
display shall be oriented such that own aircraft heading is always up (12
200t 201009

A ring shall be placed at a rg@of 2 NM from own aircraft symbol when a
display range of 10 NM or less is selected. The ring shall have discrete
markings at each of the twelve clock positions. The markings shall be of a
size and shape that does not clutter the display.

Symbol fillshall be used to discriminate traffic by threat levels

The symbol for a TA is a filled rectangle, and, when appropriate, a data field
and vertical trend arrow as described in m. & n. below.

The symbol for other traffic shall be an open rectangle, ,antien
appropriate, a data field and vertical trend arrow as described in m. below.

Overlapping traffic symbols should be displayed with the appropriate
information overlapped. The highest priority traffic symbol should appear
on top of other traffic sgnbols. Priority order is; 1) TA traffic in order of
increasing tau, i.e., the time to closest approach and the time to coaltitude,
2) other traffic in order of increasing range.

.A data field shall indicate the relative altitude, if available, of theuntr
aircraft and shall consist of two digits indicating the altitude difference in
hundreds of feet. For an intruder above own aircraft, the data field shall be

LINEOSRSR o6& | abé¢ OKIFNIOGSN® C2NI Iy

/

field shall bepreE RS R -6 &8 OKI Bl OGSNXY C2NJ O2Ff dAdd

FASER akKlhtf O2ydl Ay GKS RADKH NI Ol /BN

data field shall be wholly contained within the boundaries of the rectangular
traffic symbol. For TA traffic, (Bl symbol), the data characters shall be
depicted in a color that contrasts with the filled symbol color. For other
traffic, the data field shall be the same color asthe symbol. The height of the
relative altitude data characters shall be no less tharb@nthes.

A vertical arrow should be placed to the immediate right of the traffic symbol
if the vertical speed of the intruder is equal to or greater than 500 fpm, with
the arrow pointing up for climbing traffic and down for descending traffic.
The colo of the arrow shall be the same as the symbol.

Neither a data field nor a vertical arrow shall be associated with a symbol for
traffic which is not reporting altitude.

The display shall be capable of depicting a minimum of three intruder aircraft
simultaneously. As a minimum, the display shall be capable of displaying
aircraft that are within 5 NM of own aircratft.
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g. The display may provide for multiple cresglectable display ranges.

r. When the range of the intruder causing a traffic advisory talisplayed is
greater than the maximum range of the display, this shall be indicated by
placing no less than one quarter of the traffic advisory symbol at the edge of
the display at the proper bearing. The data field and vertical trend arrow
shall be showrin their normal positions relative to the traffic symbol.

s. ¢KS aAail S 2F¥ GKS GNIFFAO aevozt akl ff
Gb2 o0SFNAYy3IE | ROAaA2NASaAa akKkft 0SS LINBaSy
(KS AydNHRSNDA NBt FRWSE 05 I WA 30 DI NI R T
be an alphanumeric display shown in tabular form. The display shall be in the form

2F aoénpéoxdcg KAOK GNXyatldsSa G2 I ¢! +d oo
0SIFNRyYy3IE¢ ¢ Laffitdde repbttingyhtiudes ghallyihclude the range only,
So3d da¢! HOPHES ¢ HKINQErepdrhidg, 0@ hehriogSTA at2.2 | y 2

nautical miles. The advisory shall be centered on the display below the own aircraft
symbol. The display shall include provisions todisplay f Sl a4 G662 ay2
¢! Qao

Aural Alerts. Each TAS aural alert shall be announced in afidjty,

distinguishable voice.

a. ¢KS I dzNI f F f SNUNIYFSFaAAE0 TS adBNISTF ARG OS =
inform the crew of a TA.

b. All TAS aural alertshould be inhibited using the following order of
precedence;

(1) Below 400100 feet AGL when TAS s installed on an aircraft equipped
with a radio altimeter.

(2) For aircraft without a radio altimeter, the aural annunciations shall be
inhibited when thelanding gear is extended.

Note:When the TAS is installed on a fixed gear aircraft without a radio
altimeter, the aural annunciations will never be inhibited.

2.2 Traffic Advisory Criteria. Replace the second section in paragraph 2.2.14 of RTCA/DO
197A, wih the following text:

The TAS equipment shall provide two levels of advisories: Other Traffic (OT), and Traffic
Advisories (TA). TAs are issued based on either tau, i.e., the time to closest approach and
the time to coaltitude, or proximity to an intrudexircraft. The range tauis defined as the
range divided by range rate and the vertical tau is defined as the relative altitude divided
by the altitude rate.

2.3

Display Overload. In lieu of paragraph 2.2.17 of RTCAAY®, substitute the following
requirements:

If the number of targets exceeds the display capability, excess targets shall be deleted in
the following order:

a.
b.

Other traffic beginning with the intruder at the greatest range.

TAs beginning with the intruder having the largest tau. OnceAahds been
generated against an intruder, it cannot be removed as a TA until the TA criteria
are no longer satisfied even though it may be dropped from the display.
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Note: This exception does not apply when TCAS | symbology and threat levels are used.

3.0 (hanges Applicable Only to Class B Equipment.

3.1 Pilot Advisory Functions, Active TCAS | Pilot Interface, and Aural Alert. In lieu of paragraph
2.1.5, 2.2.12, and 2.2.15 of RTCA/DAJ A, substitute the following requirements:

1.
2.

@A adz f & ctind, Shal be(éovidedyfor tm/dOration of the TA.

Aural Alerts. For aircraft without a radio altimeter, the aural annunciations shall be
inhibited when the landing gear is extended.

Note: When the TAS is installed on afixed gear aircraft with a ediitioeter, the
aural annunciation will never be inhibited.

a.

Aural alert messages shall be annunciated in threat priority sequence,
greatest threat first.

1)

)

©)

(4)

Initial aural traffic advisories shall be spontaneous and unsolicited.

The unsolicited annunciat2 ya & KI f f 0S Fa T2t
F-HhQ/t201¢2 &aLR{1SYy 2y0S:I 06KSNB
AYGUNHZRSNE adzOK a m 2QO0f 2
y2G | @LAflFotS 2y GKS Ayl
annunciated.

GO0 «
NI a

The current relative bearing to intruder aircraft shall be annunciated
as a traffic advisory update upon crew command. Additional
information such as relative altitude, range of intruder, and vertical
trend (i.e. climbing, descending) may also be annueciat

The acceptability of these aural annunciations must be reviewed
during flight test. The following factors, at a minimum, must be
evaluated for acceptability: quantity of unsolicited annunciations,
duration of annunciations, annunciation clarity, davolume. This
evaluation shall occur under normal cockpit workload conditions
during departure, cruise, and approach and landing phases of flight
and should include evaluation of suitability in a normal air traffic
control voice communication environment.

Control means shall be provided to request a traffic advisory update,
mute a current aural advisory, and cancel/restore aural advisories
(turning the equipment off is an acceptable means of providing the
cancel aural advisories function). The defaalbndition of the
equipment at power on shall be aural advisories active.

All TAS aural alerts should be inhibited using the following order of
precedence;

(1)

)

Below 400 £100 feet AGL when TAS is installed on an aircraft equipped
with a radio altimeter.

For aircraft without a radio altimeter, the aural annunciations will
never be inhibited in flight but may be inhibited on the ground when
the aircraft is equipped with a weiglan-wheels system.

3.2 Traffic Advisory Criteria. Replace the first and selceections in paragraph 2.2.14 of
RTCA/DE97A, with the following text:
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3.3

3.4

The Active TAS equipment shall provide two levels of advisories: Other Traffic (OT), and
Traffic Advisories (TA). Other traffic is defined as any traffic within the selected display
range and not a TA. TAs are issued based on either tau, i.e., the time to closest approach
and the time to coaltitude, or proximity to an intruder aircraft. The range tauis defined
as the range divided by range rate and the vertical tau is defined agldkive altitude
divided by the altitude rate.

Display of intruders on the ground. In lieu of paragraph 2.2.16 of RTCrIDA
substitute the following requirements:

The Active TAS equipment shall provide logic to inhibit TAs of altitude repotttindens
which are on the ground. This logic shall be used when theefjiped aircraft is below
1,700 feet AGL. The 1,700 foot threshold shall include hysteresis of + 50 feet.

Note: This represents a requirement for a capability within the Active Tétcaviwwhen
Active TAS is installed on an aircraft which does not have a radio altimeter, there isnot a
requirement for this logic to function.

Display overload. In lieu of paragraph 2.2.17 of RTCAM, substitute the following
requirements:

If the number of intruders exceeds aural memory storage capacity, excess intruders shall
be deleted in the following order:

a. Other traffic beginning with the intruder at the greatest range.

b.  TAs beginning with the intruder having the largest tau. Once &hd®\been
generated against an intruder, it cannot be removed as a TA until the TA criteria is
no longer satisfied even though it has been dropped from the list of aural warnings.
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ETS@C151b

ED Decision 2007/017 @pplicable fron25.12.2007)
Terrain Awareress and Warning System (TAWS)
1 Applicability
This ETSO gives the requirements which Terrain awareness and Warning System (TAWS)

equipment that is manufactured on or after the date of this ETSO, must meet in order to be
identified with the applicable ETS@arking.

2 Procedures
2.1 General
Applicable procedures are detailed inEBSCsubpart A
2.2 Specific
None.
3 Technical Conditions
3.1 General
3.1.1 Minimum Performance Standard

Standards set forth in this pagaaph andthe attached Federal Aviation
' RYAYAAGNY GA2Y ¢SOKYAOIFt {4 YyYRIFENR hNRSNJ
{., {¢9a appendicesvléhrough 4.

3.1.2 Environmental Standard
See CETSGubpart Aparagraph 21
3.1.3 Computer Software
See C&ETSGBubpart Aparagraph 2.2. In addition:

Software implementing the functions defined in this ETSO must be developed to
Level C as defined in HRB/DQG178B. Monitoring softwarerequired by
appendixl1 of this ETSO must be developed to Level C. Software in the TAWS other
than the software implementing the function and monitoring requirements
defined in the ETSO, such as maintenance softysireuld be developed to Level

C also unless the applicant can demonstrate that the ETSO functional software and
monitoring software is protected from failure of the other software by means such
as developed to the highest level commensurate with its fiometlity and its most
severe failure condition categories as determined by a system safety assessment.

3.2 Specific

3.2.1 Failure Condition Classification. A minimum level of reliability and integrity must
be built into the TAWS computer for warning fumets. Therefore, the
presentation of hazardously misleading information (HMI), as defined in paragraph
2.8 ofappendix1, on the terrain display, or the unannunciated loss of the terrain
warning functions as a resulf TAWS Computer failure is also considered a major
failure condition.

A false terrain warning as a result of a TAWS computer failure is also considered a
major failure condition. False sensor inputs (erroneous altitude, terrain data,
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airport data, etc) ® the TAWS computer need not be considered for compliance to
these failure condition classifications.

3.2.2 Functional Qualifications. The required performance shall be demonstrated under
the test conditions specified in appendixes 1 through 4.

3.2.3 Fire Protection. All material used shall be seXtinguishing except for small parts
(such as knobs, fasteners, seals, grommets, and small electrical parts) that would
not contribute significantly to the propagation of a fire.

4 Marking
4.1 General
Marking isdetailed in CETSGsubpart Aparagraph 1.2.
4.2 Specific

a. Atleast one major component must be permanently and legibly marked with all of
the information listed in Part 21 Section A Subpart Q § 21A.80A@jldition to
this information the applicable Class A, B or C muspdm@nanently and legibly
marked.

From the marking options in Part 21 Section A Subpart Q 8 21A.807(a)(2), the
name, type and part number must be used in lieu of the optional model number;
and in Part 21 Section A Subpart Q 8 21A.807(a)(3), the date of manufacture must
be used in lieu of the serial number.

b.  Inaddition to the requirements of Part 21 Section A Subpart Q § 21A.807(a), each
separate component that is easily removable (withomand tools), each
interchangeable element, and each separate-agbembly of the article that the
manufacturer determines may be interchangeable must be permanently and
legibly marked with at least the name of the manufacturer, manufacturer's sub
assemby part number, and ETSO number.

C. If the component includes a digital computer, the part number must include
hardware and software identification, or a separate part number may be utilized
for hardware and software. Either approach must include a meamshowing the
modification status. Note that similar software versions, which have been
approved to different software levels, must be differentiated by part
number.None.

5 Availability of Referenced Document
See CETSGsubpart Aparagraph 3.
[Amdt ETSO/2]
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APPENDIA TOETSEC15B ¢ FEDERAAVIATIONADMINISTRATION
MINIMUM PERFORMANCE ANDAREMP S)FORA TERRAINAWARENESS AND
WARNINGSYSTEMAS AMENDED HYASA

ED Decision 2007/017/R

1.0 Introduction.

1.1 Purpose This standard provides the MPS for a Terrain Awareness and Warning System
(TAWS).

1.2 Scope. This appendix sets forth the standard for two Classes of TAWS equipment, Class A
and Class B.

1.3 System Function and Overview. The system shall provide tine digw with sufficient
information and alerting to detect a potentially hazardous terrain situation that would
permit the flight crew to take effective action to prevent a controlled flight into terrain
(CFIT) event. The basic TAWS functions for all Bpfi©ved systems include the
following:

a. A Forward Looking Terrain Avoidance (FLTA) function. The FLTA function looks
I KSIFIR 2F GKS FSNRLXIFYS Ff2y3 yR 06St2g I
path and provides suitable alerts if a potential ClRr€at exists.

b. A Premature Descent Alert (PDA) function. The PDA function of the TAWS uses the
FSNRBLX F ySQa OdNNByld LRaAGA2Y yR FfAIKI
suitable navigation source and airport database to determine if the aeroptane i

hazardously below the normal (typically 3 degree) approach path for the nearest
runway as defined by the alerting algorithm.

An appropriate visual and aural discrete signal for both caution and warning alerts.

d. Class A TAWS equipment must providedm information to be presented on a
display system.

e. Class A TAWS equipment must provide indications of imminent contact with the
ground for the following conditions as further defined in R&LA, Minimum
Performance StandardsAirborne Ground Proxiity Warning Equipment, dated
May 27, 1976, and Section 3.3 of this appendix. Deviations frori@@ are
acceptable providing the nuisance alert rate is minimized while an equivalent level
of safety for the following conditions is provided.

(1) Excessivedes of Descent

(2) Excessive Closure Rate to Terrain.

(3) Negative Climb Rate or Altitude Loss After Fafite

(4) Flight Into Terrain When Not in Landing Configuration

(5) Excessive Downward Deviation From an ILS Glideslope.

6 +2A0S Olftt2&&i d€5YPS K8y RNEBRLE I yS RSA
above the terrain or nearest runway elevation.

NOTE: Class A equipment will be entitled to a authorization approval for
the purpose of complying with the mandatory \@® requirements idJAROPS
1.665/ EUJOPS 1.665until such time that those rules are superseded by TAWS
rules.
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f. Class B equipment must provide indications of imminent contact with the ground
during the following aeroplane operations as defined in Section 3.4 of this
appendix.

(1) ExcessivRkates of Descent

(2) Negative Climb Rate or Altitude Loss After Takeoff

B ! @2A0S OFff2dzi aCA@S | dzyRNBRa 6KSy |
above the nearest runway elevation.

1.4 Added Features. If the manufacturer elects to add features to the §A&quipment,
those features shall at least meet the same qualification testing and software verification
and validation requirements as provided under this ETSO. Additional information such as
a KdzyfrlyRSa 2o6aidl Ot Sa Yl @& 0S5 IrseR8tRrthetarrah2y 3 | &
functions.

1.5 Other Technologies. Although this ETSO envisions a TAWS based on the use of an onboard
terrain and airport data base, other technologies such as the use of radar are not

excluded. Other concepts and technologies mayalpproved under this ETSO using IR
21A.610, Approval for Deviation.

2.0 Definitions.

2.1 Alert. A visual, aural, or tactile stimulus presented to attract attention and convey
information regarding system status or condition.

2.2 Aural Alert A discrete sand, tone, or verbal statement used to annunciate a condition,
situation, or event.

2.3 Caution Alert An alert requiring immediate crew awareness. Subsequent corrective
action will normally be necessary.

2.4 Controlled Flight Into Terrain (CEIAh accidnt or incident in which an aeroplane, under
the full control of the pilot, is flown into terrain, obstacles, or water.

2.5 Failure The inability of the equipment or any sphart of that equipment to perform
within previously specified limits.

2.6 False fert. An inappropriate alert that occurs as a result of a failure within the TAWS or
when the design alerting thresholds of the TAWS are not exceeded.

2.7 HazardAhazardis a state or set of conditions that together with other conditions in the
environment could lead to an accident.

2.8 Misleading Information (MI)An incorrect depiction of the terrain threat relative to the
aeroplane during an alert condition (excluding source data).

2.9 Nuisance AlertAn inappropriate alert, occurring during normal esgdrocedures, that
occurs as a result of a design performance limitation of TAWS.

2.10 SearchVolum® ! @2f dzyS 2F | ANBRLI OS I NRdzyR G KS I S
that is used to define a TAWS alert condition.

2.11 Visual Alert The use of projged or displayed information to present a condition,
situation, or event.

2.12 Warning Alert An alert for a detected terrain threat that requires immediate crew action.
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3.0 Required TAWS Functions.

3.1

Class A and Class B Requirements for Forward Lodkimgin Avoidance (FLTA). The
majority of CFIT accidents have occurred because the flight crews did not have adequate
situational information regarding the terrain in the vicinity of the aeroplane and its
projected flight path. Class A and Class B Equipmiirbe required to look ahead of the
aeroplane, within their design search volume and provide timely alerts in the event
terrain is predicted to penetrate the search volume. The FLTA function should be
available during all airborne phases of flight imithg turning flight. The search volume
consists of a computed look ahead distance, a lateral distance on both sides of the
FSNRLX FySQa FEAIKGI LI GKEZ FyR | aLISOATFASR
vertical flight path. This search volume shibwary as a function of phase of flight,
distance from runway, and the required obstacle clearance (ROC) in order to perform its
intended function and to minimize nuisance alerts. The lateral search volume should
expand as necessary to accommodate turriilght. The TAWS search volumes should
consider the accuracy of the TAWS navigation source. The TAWS lateral search area
should be less than the protected area defined by the United States Standard for Terminal
Instrument Procedures (TERPS), FAA Hand2@l 3B and ICAO PANOPS 8168, volume

2 to prevent nuisance alerts.

3.1.1 Reduced Required Terrain Clearance (RTC). Class A and Class B equipment shall
provide suitable alerts when the aeroplane is currently above the terrain in the
considered unsafe for the particular phase of flight. The required obstacle (terrain)
clearance (ROC) as specified in TERPS and the Aeronautical Information Manual
(AIM) have been used to definedminimum requirements for obstacle/terrain
clearance (RTC) appropriate to the FLTA function. These requirements are specified
in Table 3.1. The FLTA function must be tested to verify the alerting algorithms
meet the test conditions specified #ppendix 3 Tables A, B, C, D, E, and F.

TABLE 3.1 TAWS REQUIRED TERRAIN CLEARANCE (RTC) BY PHASE OF FLIGHT

Phase of Flight TERPS (ROC) TAWS (RTC) TAWS (RTC)
Level Flight Descending

Enroute 1000 Feet 700 Feet 500 Feet
Terminal (Intermediate 500 Feet 350 Feet 300 Feet
Segment)
Approach 250 Feet 150 Feet 100 Feet
Departure (See Note 1~ 48 Feet/NM 100 Feet 100 Feet

NOTE 1: During the Departure Phase of Flight, the FLTA function of Class A and B
equipment must alert if the aeplane is projected to be within 100 feet vertically

of terrain. However, Class A and Class B equipment should not alert if the aeroplane
is projected to be more than 400 feet above the terrain.

NOTE 2: As an alternate to the stepped down reduction fiteentérminal to
approach phase in Table 3.1, a linear reduction of the RTC as the aircraft comes
closer to the nearest runway is allowed, providing the requirements of Table 3.1 are
met.

NOTE 3: During the visual segment of a normal instrument approadbaltyp

about 1 NM from the runway threshold), the RTC should be defined/reduced to
minimize nuisance alerts. Below a certain altitude or distance from the runway
threshold, logic may be incorporated to inhibit the FLTA function. Typical operations
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below Mnimum Descent Altitude (MDA), Decision Height (DH), or the Visual
Descent Point (VDP) should not generate nuisance alerts.

NOTE 4: The specified RTC values are reduced slightly for descending flight
conditions to accommodate the dynamic conditions and pdeponse times.

3.1.2 Imminent Terrain Impact. Class A and Class B equipment shall provide suitable
alerts when the aeroplane is currently below the elevation of a terrain cell along
GKS FSNRLIX IySQa fFGSNIf LINE2&piscked Ff A IKI
flight path, the equipment predicts that the terrain clearance will be less than the
value given in the RTC column of Table 3.1appendix Jor test conditions that

must be conducted (Table G).

3.13 FLTA Turning Flight. Class A and Class B equipment shall provide suitable alerts for
the functions specified in 3.1.1 and 3.1.2 above when the aeroplane is in turning
flight.

Class A and Class B Equipment Safety Agency for Detection and Aler&ngniiature
Descents Along the Final Approach Segment. Class A and Class B equipment shall provide
a suitable alert when it determines that the aeroplane is significantly below the normal
approach flight path to a runway. Approximately one third of all @GEEidents occur
during the final approach phase of flight, when the aeroplane is properly configured for
landing and descending at a normal rate. For a variety of reasons which include poor
visibility, night time operations, loss of situational awareneggrating below minimums
without adequate visual references and deviations from the published approach
procedures, many aeroplanes have crashed into the ground short of the runway. A means
to detect and alert the flight crew to this condition is an essginsafety requirement of

this ETSO. There are numerous ways to accomplish the overall objectives of this
requirement. Alerting criteria may be based upon height above runway elevation and
distance to the runway. It may be based upon height above terrath distance to
runway or other suitable means. This ETSO will not define the surfaces for which alerting
is required. It will specify some general requirements for alerting and some cases when
alerting is inappropriate. Sesppendix 3Table H for test requirements.

a. The PDA function should be available for all types of instrument approaches. This
includes both straightin approaches and circling approaches. This includes
approaches that are not aligned within 3@grees of the runway heading.

b. The TAWS equipment should not generate PDA alerts for normal VFR operations
in the airport area. Aeroplanes routinely operate at traffic pattern altitudes of 800
feet above field/runway elevation for traffic pattern operatis within 5NM of the
airport.

c.  Aeroplanes routinely operate in VFR conditions at 1000 feet AGL witHib NM
of the nearest airport and these operations should not generate alerts.

d.  Aeroplanes routinely operate in the visual segment of a circlipgyagzh within 2
NM of the airport/runway of intended landing with 300 feet of obstacle clearance.
Operations at circling minimums should not cause PDA alerts or FLTA alerts.

Class A Requirements for GPWS Alerting. In addition to the TAWS Forwardy Lookin
Terrain Avoidance and PDA functions, the equipment shall provide the GPWS functions
listed below in accordance witBTSE@C92¢c Some GPWS alerting thresholds may be
adjusted or modified to be more compatible withe FLTA alerting functions and to
minimize GPWS nuisance alerts. However, it is essential to retain the independent
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